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A SEEDLESS MUTATION 


Frontispiece 


The Seedless Emperor (left) arose from the normal seeded form of the variety (right) 
by somatic mutation. While seedless grapes are always much smaller than parent seeded forms, 
they are preferred by consumers, and hence these rare mutations have considerable commercial 
value. 1/3. 
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SOMATIC MUTATION IN THE VINIFERA 
GRAPE 


III—The Seedless Emperor 


H. P. O_tmo 
University of California at Davis 


HE American consumer of table 
grapes prefers that thev be seed- 
less. As evidence, one can cite 
the increasing importance of the Thomp- 
son Seedless (Sultanina) on the markets 
of the United States, in face of competi- 
tion with seeded varieties of much more 
attractive appearance and larger berry 
size. The origin and production of new 
seedless varieties is therefore of great 
practical as well as theoretical interest. 
The commercial varieties of seedless 
grapes are few in number. The Black 
Corinth (Zante Currant) is a very small, 
round-berried grape used only for dry- 
ing and marketed as “currants.” Seed- 
lessness in this variety is caused by the 
degeneration of the nuclei in the embryo 
sac, particularly the egg apparatus, at 
the time of anthesis.6 The berries de- 
velop without a trace of seed develop- 
ment and are truly parthenocarpic, but 
the stimulation of pollen tube growth is 
necessary.> The larger berried and more 
important seedless varieties, including 
the Thompson Seedless, Sultana, and 
Monukka, form typical fruits only after 
fertilization has occurred and the “seed- 
lessness” is brought about by an early 
arrest in seed development.® ® 
The natural method of origin of seed- 
less varieties is obscure. Since only 
about five seedless clones of the vinifera 
grape are widely known of some 5,000 
named varieties, they must have oc- 
curred spontaneously with extreme 
rarity. According to Negrult the world 
assortment contains not over 15 seedless 
varieties. The number is perhaps even 
less than this, as some of the seedless 
varieties differ between themselves only 
in fruit color or other vegetative charac- 
ters, appearing after the original seedless 
mutation had occurred. The great an- 
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tiquity of the species should have allowed 
sufficient opportunity for the discovery 
and accumulation of new seedless mu- 
tants, although emphasis should be 
placed on the fact that seedlessness has 
not always been regarded as desirable, 
because of a correlated decrease in berry 
size. 

Somatic mutation within seedless va- 
rieties to the supposed seeded progenitor 
has been observed on a number of occa- 
sions. In the Black Corinth this phe- 
nomenon is not unusual and was re- 
corded as early as 1896 by Mares.* The 
seedless seeded mutation in the same 
variety has been described by others.*? 
Likewise a vine of the Thompson Seed- 
less observed in Greece has sported canes 
with larger rudimentary seeds, and even 
mutated to the normal seeded condition.” 
This mutation has never been reported 
elsewhere, even in other countries where 
a large acreage of the variety is grown, 
for example California, Egypt, Australia, 
and South Africa. 

With the appearance of such rever- 
sions, it was logical to assume, as some 
authors recently have,?"*7 that our seed- 
less varieties arose by somatic mutation 
from seeded progenitors. Proof of this 
hypothesis has been wanting, since the 
seeded progenitors were not to be found, 
either having become lost in the interim 
or being unnoted at the time of discovery. 


The Emperor Mutant 


The recent origin of a seedless form of 
the Emperor variety appears to be the 
first authentic example of the seeded-to- 
seedless type of mutation. This new va- 
riety was first called to my attention dur- 
ing the summer of 1937 by Mr. A. Rizzi, 
assistant farm advisor of Tulare County, 
California. The mutation was first dis- 
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SEEDLESS AND NORMAL EMPEROR GRAPES 
: Figure 1 
Berries of the Emperor and the Seedless Emperor, * 2/5. Notice the small rudimentary 
seed in the “seedless” form. These are smaller and less numerous than in the Thompson Seed- 


less variety. 


covered in November, 1928, by the vine- 
yard owner, Mr. V. Mkhalian of Visalia, 
as a single cane bearing seedless fruit 
arising on an otherwise normal Emperor 
vine. He marked its position on the vine 
and propagated several vines by graft- 
ing, all of which continued to produce 
seedless fruit. Up to the present time, 
three clonal generations have been propa- 
gated by cuttings or graftage and no 
reversions have occurred. The variety 
was named the Seedless Emperor and 
the owner was granted patent rights on 
January 17, 1939 (U. S. Plant Patent 
No. 311). 

The Seedless Emperor has the same 
growth and fruiting habit as the Em- 
peror. The leaves and canes of the mu- 
tant and parent appear identical. The 
berries are more spherical in shape and 
weigh about 2.2 grams, compared to a 


representative sample of Emperor which 
has an average berry weight of 48 
grams. Germination tests made on the 
pollen have shown it to be as highly 
viable as the seeded parent. In 1937 the 
pollen of the seedless grape was used in 
controlled pollination tests on emascu- 
lated ovaries of the Emperor and normal 
berry sets and viable seeds were ob- 
tained. When pollen of normal seeded 
varieties is used on the seedless grape, 
the result is the same as on selfing, that 
is, all seedless fruits are formed. With 
the increased interest in breeding for 
large-berried seedless grapes, it thus 
adds another variety to the very few 
available to the plant breeder, since the 
pollen may be expected to transmit fac- 
tors for seedlessness as in other seedless 
varieties. 

The mutation has affected only the 
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development of the ovules. From one to 
four rudimentary seeds are present in 
about 70 per cent of the berries, and 
these are much smaller than even those 
present in the Thompson Seedless. Thus 
the average individual seed weight of the 
Emperor Seedless is .26 mgs compared 
to 1.25 mgs of the Thompson Seedless, 
when the seeds are air dried. Many of 
the ovules fail to produce even rudi- 
mentary seeds, so that the berries are 
without traces of seed development and 
in this respect resemble the fruits of the 
Black Corinth. Since the Seedless Em- 
peror produces a larger weight of flesh 
per unit of seed development than other 
seedless varieties like the Thompson 
Seedless and the Monukka, it might be 
useful to transfer this high expression of 
parthenocarpy to other varieties by 
breeding. The genetic nature of the mu- 
tation is being studied. The Emperor 
has a seed average of 3.1 per berry, com- 
pared to a 1.5 average for the rudimen- 
tary seeds of its “seedless” mutant. 
Preliminary cytological examination 
of the ovules of the Seedless Emperor 
has disclosed that some normal embryo 
sacs are present and the nuclei not de- 
generated. Fertilization occurs in some 
embryo sacs, so the type of seedlessness 
involved would be like that described for 


Thompson Seedless and Monukka. How- 
ever, the much smaller number of rudi- 
mentary seeds developing in the Seedless 
Emperor indicates that a greater per- 
centage of ovules must abort before fer- 
tilization and that other factors influenc- 
ing the abortion of the ovule must be 
considered. 
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A MALE STERILE CHARACTER IN BARLEY* 
A New Tool for the Plant Breeder 


C. A. SUNESON 


Division of Cereal Crops and Diseases, Bureau of Plant Industry, 
United States Department of Agriculture 


SINGLE barley plant, suspected of 
being a male sterile, was observed 
in a seed row of a Composite Cross selec- 
tion (C.I. 5368)+ at Davis, California, 
in 1936. Three distinctive plant charac- 
teristics were noted at that time. Most 


obvious of these were the numerous 
widely opened glumes, persisting for 
several days after flowering of the nor- 
mal type. Interspersed among these open 
florets were a few which were closed and 
which had obviously been fertilized. 


*Cooperative investigations between the Division of Cereal Crops and Diseases, Bureau of 
Plant Industry, U. S. Department of Agriculture, and the California Agricultural Experiment 


Station. 


7C. I. refers to accession number of the Division of Cereal Crops and Diseases. 
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Florets on which glumes remained open 
contained shrunken, rudimentary anthers 
and apparently normal pistilate flower 
parts. 

After removing all florets having 
closed glumes, which were assumed to 
be natural crosses, controlled pollinations 
were made on the three available spikes 
using respectively the normal parent 
type, a two-row type, and an awnless 
type. Resulting F; progeny were fertile. 
The 3 : 1 segregation in Fz as shown 
for one cross in Table ! suggest that 
the male sterile character results from 
the action of a single recessive gene. 


Additional information regarding the 
character seemed desirable. From a 
study of a considerable number of 
bagged heads on male sterile plants it 
was found that some natural crossing 
coincident with classification for the male 
sterile character sometimes occurred on 
first emerging spikes. Complete sterility 
of numerous later spikes, bagged before 
the normal flowering period, was also 
observed. Comparable male _ sterile 
heads, pollinated by techniques common- 
ly used in making barley hybrids pro- 
duced seed on 60 to 95 per cent of the 
florets. The character may therefore be 
regarded as a true male sterile which 
might readily be used in breeding work. 


Possibilities for natural crossing in 
this normally self-fertile species are of 
interest. Three F: populations were 
grown in 1938 in rows 12 inches apart 
with plants spaced four inches in the 
row. Twenty-five randomly selected 
mature heads on male sterile plants were 
taken from each of these populations. 
From counts of fertile and sterile florets 
on these heads, average natural crossing 
percentages of 70, 72, and 55 per cent 
were estabiished. The natural crosses 
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so effected were random pollinations, 
and occurrence of an estimated one-third 
male sterile progeny in the following 
generation indicates that heterozygous 
male sterile pollen functions as well as 
normal pollen. 

Additional natural crossing studies, 
using blocks with one pollen parent row 
alternated with two heterozygous male 
sterile rows from which all fertile plants 
were rogued as early as possible, are 
reported in Table II. These data are 
based on floret counts from entire plants, 
five of which were chosen at random 
from each block. Spaced plants such as 
these, drastically thinned by rogueing 
out the fertile types, produced abundant 
late tillers which invariably were fully 
sterile. By ignoring these, crossing per- 
centages about twice those shown could 
have been obtained. It also seems likely 
that greater concentrations of pollen par- 
ent plants would have increased effi- 
ciency. In any case, hybrids were made 
on a scale heretofore impossible in bar- 
ley. As a new breeding “tool” the char- 
acter should be extremely useful. Until 
such time as linkage relations are estab- 
lished, heterozygous seed stocks will be 
carried as C. I. 5368-1. 


TABLE I, Inheritance of the male sterile character. 


Fp Progeny 2 


sterile 


Cross 
Fertile 


Male sterile X Normal 615 197 


TABLE II. Fertilisation of male sterile plants in natural orossing blocks, 


Plant numbers and per cent florets fertilized 


Male 


parent variety a 2 3s 4 s 
Hannchen hel 10.9 10.6 4.6 8.4 
14.4 13.3 11.5 26.3 8.4 
Atles 12.5 10.4 18.7 31.9 14.1 
Vaughn 3.9 1.5 4.9 8.4 1.8 


A RECESSIVE SLATE PLUMAGE COLOR 
OF TURKEYS 


V. S. ASMUNDSON 
Division of Poultry Husbandry, University of California 


dealing with the inheritance of 

slate color in the plumage of 
turkeys: one is a brief abstract of a paper 
presented by Robertson,® who reported 
that “ ‘slate’ differs from ‘bronze’ by a 
dominant diluter’; the other is a brief 
note by Taibel,® who obtained seven 
slate, four lilac and five bronze progeny 
from a pair of slate turkeys and con- 
cluded that slate turkeys are heterozy- 
gotes like Blue Andalusian chickens.* 


[ess reports have been published 


Experimental Matings 


In 1936 the El Solyo Ranch, Vernalis, 
California, kindly furnished me with two 
slate-colored hens which been 
hatched out of their Bronze breeding 
stock, and had barring clearly indicated 
on the wings. These were mated, one 
to a Bronze male, the other to a Bourbon 
Red male. The plumage pattern genes 
involved in these crosses are: 
(Bronze), r (Bourbon Red), sl (slate) 
and (non-slate). The progeny of the 
Bronze male and slate female all had 
down and later plumage typical of the 
Bronze. The F2 generation comprised 
the down (and plumage) patterns shown 
in Table I. 

This is clearly a good approximation 
to a ratio of 3 Bronze to 1 slate expeeted 
if slate were a simple autosomal reces- 
sive to Bronze. The slate hen mated to 
a Bourbon Red male produced only a 
few progeny but these were of two types: 
Bronze and F;, pattern, the latter typical 
of crossbreds obtained when the Bronze 


and Bourbon Red varieties are. crossed. 


Eggs laid for two weeks after the mating 


was made were discarded ; but since sub-. 


sequent experience agrees with that of 


others which indicates that a much longer. 


period of not less than four weeks is 
desirable, it is almost certain that the 
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Bronze progeny were out of a previous 
mating. A hybrid Bronze male was mat- 
ed to two F, females with Bronze and F, 
patterns respectively. The results ob- 
tained are shown in Table II. 

Subsequent matings of Bourbon Red 
males with slate females or reciprocal 
matings have given either all F; pattern 
progeny or F; pattern and Bourbon Red 
pattern. The numbers of each kind ob- 
tained from the latter matings are: F; 
pattern, 28 ¢,29 ; Bourbon Red 
pattern, 21 3 ¢, 20 9 9. Equal num- 
bers are expected in each class while 
actually there was a deficiency of poults 
with red down. This may be due to 
lower viability of the red poults, caused 
by linkage of detrimental genes with the 
r gene, in the closely inbred Bourbon 
Reds which were used, or it may simply 
be the result of random sampling. 

The F, pattern (ArSlsl) progeny out 
of the matings just described were mated 
inter se. The results are shown in Table 
III. The F, pattern birds gave non-slate 
progeny which conformed to the expect- 
ed ratio of 1 Bronze : 2 F,; pattern : 1 
Bourbon Red pattern.! The slate prog- 
eny comprised birds that had barred 
flight feathers and penciled tail feathers 
and also birds with unbarred, nearly 
white, flight feathers and unpenciled 
slaty red tail feathers, some of which 
were white in the middle. The latter 
looked like birds that Taibel® has called 
lilac. It should be emphasized that while 
the lilac colored birds differ in shade or 
color from other slates, they are, never- 
theless, a slate-colored bird distinct from 
all non-slate birds. 

_-The Bourbon Red pattern birds out 
of slate mated with Bourbon Red gave 
only Bourbon Red and lilac (slate) 
progeny (Table III). The slates here 
reported have been mated to Black- 
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FEATHERS OF SLATE AND LILAC TURKEYS 
Figure 2 

The upper (4-E) and lower (4’-E’) surfaces of five feathers are shown. A-A’—tail 
feather (penciled) from a slate turkey; B—barred primary (outer flight) feather from slate 
turkey (Figure 3.4); C—primary feather from a lilac turkey (Figure 3B); D and E—center 
and outer tail feathers from a lilac turkey. Note that the outer tail feathers of this lilac turkey 
have the pigment distributed throughout the feathers whereas a part of the feather from the 
center of the tail is white. The pigmented parts of the feathers are much more deeply pigmented 
on the lower surface (4’-E’) than on the upper. 


winged Bronze* and Narragansett pat- 
tern birds and in each case the progeny 
were non-slates. 


Discussion 


The evidence presented in this paper 
leaves no doubt that the gene for slate 
is in this case recessive to non-slate. The 
exact shade and the distribution of color, 
as shown in Figure 3, depends upon the 
genetic constitution of the individual. 
Since not enough information is avail- 
able to consider this a dilution factor, it 
seems best to use s/ for this slate gene 
rather than the D of Marsden and Mar- 
tint until the claim of Robertson’ that 
there are dominant slates can be con- 
firmed or refuted. The fact that our 
slates look like those seen at shows and 
elsewhere does not exclude the possi- 
bility that there are dominant and reces- 
sive genes determining phenotypically 
similar plumage patterns in the turkey 
just as there are such genes for white 
plumage color in chickens. 


There is nothing in our results to 
support the suggestion of Taibel® that 
slates do not breed true although obvi- 
ously slates of the constitution /rslsl 
will produce a ratio of three slates with 
barred wings to one lilac. The effect of 
the R and r genes on the distribution of 
pigment is, therefore, the same in these 
slates as it is in non-slate individuals. 
The R gene is responsible for the pro- 
duction of black pigment, the r gene for 
brown pigment. Birds carrying the R 
gene have barred flight feathers and pen- 
ciled main tail feathers; while birds 
homozygous for r lack barring and pen- 
ciling in these sections. In both these 
effects the R gene is dominant to r; but 
since the heterozygotes have lighter col- 
ored flight and main tail feathers th n 
birds homozygous for FR, they are readily 
distinguished from them at all stages as 
shown elsewhere.! Slates of the constitu- 
tion Rrslsl resemble those homozygous 
for R, but a careful study has not been 
made to determine whether they can be 
distinguished by examination. 
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Asmundson: Slate Turkeys 


SLATE AND LILAC TURKEYS 
Figure 3 
-l—Slate turkey with barred flight feathers 


and penciled tail feathers. B—Lilac, a slate 
with nearly white flight feathers and some 
white in the unpenciled tail feathers. The 
lilac birds are genetically slates, homozygous 
for the Bourbon Red gene. 


Summary 
Slate-colored birds were mated to 
Bronze, Bourbon Red, Black-winged 


}ronze, and Narragansetts. All the first 
generation progeny were non-slate re- 
gardless of which way the cross was 
made. Approximately three non-slate 
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were obtained to each slate in the Fe 
generation. It is therefore concluded 
that slate is a simple autosomal recessive 
to non-slate. 

Slates carrying the Bronze color gene 
(R) have barred flight feathers and pen- 
ciled tail feathers; slates (lilac) homozy- 
gous for the Bourbon Red gene (1) have 
nearly white, non-barred flight feathers 
and non-penciled tail feathers. 
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TABLE I.—F. generation from a slate female mated 
to a bronze male. 


Obtained | Expected | Probable 
Numbers Numbers® | Jenotypes 
Bronze males 76 ki} RRS1S1, RRSisl 
Bronze females 72 RRSIS1, RRSlsl 
Slate males 24 25 RRslsl 
Slate females 22 24 RRslsl 


“Calculated sevarately for males and for females 


TABLE II.—F. generation out of slate hen mated to 
non-slate. The F, male used had Bronze plumage 
(RRSIs1). This male and the Bronze female were pre- 
sumably out of a Bronze male whereas the F, pattern 
(RrS!sl} female was out of a Bourbon Red male. 


Out of Bronze Out of 
Down (and plusage) pattern hen pattern hén Probable 
patterns Obtained | Expected! Obtained |Expected| yenotypes 
Numbers | Numbers | Numbers [Numbers 
Bronze 14.2 12 RRS1S1, 
pattern -- 12 12 RrS1Sl, RrSls}j 
Slate 3 4.8 9 8 RRslsl, Rrslsl} 


TABLE III.—F. generation from slate male < Bour- 
boa Red female. The parents (Fi —- used 


tad the F, pattern or B d p is 
Parents - Perents - Bourbon Red 
pattern of pattern (Rrsisl) pattern (rrSlel) Probable 
generation) | Obtained | Excected| Ourained| Expected | 
Nunber Number Number | Number 
Bronze lu 14,25 RRS]S1, RRSls1 
bourbor Red 14.25 86 85,05 
State (or lilac) 19,00 
Lilac y 29 28.75 
otal 76 5 
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A CASE OF FAMILIAL MONGOLISM 


RARE MISFORTUNE 
Figure 4 
Sibs with mongolian idiocy. 


ASES of familial mongolism are 
relatively rare. In her collection 
of cases Macklin* recorded 26 instances 
of two mongols in a family. Penrose+ 
has since reported seven new cases. The 
collection and reporting of such cases is 
of importance in establishing the inci- 
dence of the condition and in determin- 
ing its genetic basis. 

The case reported here is of particular 
interest in view of the numerous isolated 
mongoloid characteristics present among 
the parents and collaterals. 

The father of the two affected children 
is reported to have a fissured tongue and 
to have suffered from catalepsy. By a 
first marriage he had a daughter who is 
reported to have mongoloid eyes and a 
son who was an idiot and a former in- 
mate at this Institution (he died at the 
“age of 18. Unfortunately the older rec- 
ords do not indicate much more than the 
status of idiocy; the possibility of mon- 
golism cannot, however, be excluded). 
The mother suffered from a transitory 


I @®=NoRMAL B=MONGOLIAN ID. 


=FISSURED TONGUE - 
-CATALEPSY @=MONGO 
© =TRANSVERSE PALMAR LOID EYES 
LINE TRANSITORY 
PSYCHOSIS 


64 of 
ISOLATED MONGOLIAN 
CHARACTERISTICS 


Figure 5 


Various components of the Mongolian syn- 
drome are displayed by relatives. 


psychosis and has a transverse palmer 
line on one of her hands. 

The maternal age at the time of the 
birth of the affected daughter was 39. 
and at the time of the affected son, 40. 

L. HALPERIN 
Research Department 
State Institution for the Feeble-Minded 
Columbus, Ohio 


*MACKLIN, M. Am. J. M. Sc., 178, 315. 1929. 


PENROSE, L. S. The Influence of Heredity on Disease. 


London, 1934. 
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AN INDEPENDENT RECURRENCE OF 
THE BLUE MUTATION IN THE 
NORWAY RAT 


And a Blue-Black Mosaic 


M. R. Curtis ano W. F. DUNNING 


Institute of Cancer Research, Columbia University 


N independent recurrence of the 
A blue mutation is reported in a 
strain of pedigreed agouti black 
hooded rats (fattus norvegicus) used 
extensively in our researches on cancer. 
In 1929 Roberts? described the first blue 
mutation in the rat as a light yellowish 
or reddish gray coat color produced ap- 
parently by a dilution of the black pig- 
ment, which in the absence of the agouti 
factor resembled the dilute black or blue 
of mice, rabbits, cats, dogs and Mus 
rattus, 

The Copenhagen strain in which this 
mutation appeared had been bred con- 
tinuously in our laboratory since 1920. 
The foundation stock was obtained in 
1920 by Dr. Jacob Rosenstirn from a 
breeder in Copenhagen who supplied Dr. 
Johannes Fibiger. The original stock 
consisted of two males and three females 
and the pair which was used two vears 
later to start our brother by sister inbred 
line was descended from three of these 
immigrant rats. This line (2331) has 
been maintained at the Institute for Can- 
cer Research by continuous brother by 
sister matings and is now in the twenty- 
sixth generation. The known genetic 
constitution is CC PP AA hh, 

The first observed blue rat was born 
February 23, 1934, from agouti black 
hooded parents of the fifteenth brother 
by sister generation and had eight agouti 
black hooded sibs. Two subsequent lit- 
ters produced two additional blue and 
four black hooded sibs. Preceding the 
observation of the first blue rat, 6,059 in- 
tense colored hooded Copenhagen rats 
had been observed and their color re- 
corded. Of these 187 were direct ances- 


ters and their full sibs and 504 were half- 
sibs of the direct ancestors, as shown in 
Figure 64. Since the appearance of the 
blue mutants the collateral families of line 
2331 have produced 3565 pure line and 
thousands of hybrid progeny, none of 
which have shown the mutant character. 

Since the mutant character is recessive 
it might be argued that it had been car- 
ried for generations in heterozygous in- 
dividuals which always happened to be 
mated with normal homozygotes. This 
seems unlikely since the strain has been 
inbred extensively. All of our blue rats 
are direct descendants of one pair of 
agouti black hooded rats of line 2331, the 
grandparents of the first observed blue 
rat. The mutant gene must have been 
present in heterozygous condition in at 
least one of this pair since one of their 
sons and two of three tested daughters 
were heterozygous. It seems probable 
that only one of the pair carried the mu- 
tant gene since they had 12 agouti black 
hooded progeny and the male mated also 
with three other sisters had by them 29 
agouti black hooded progeny. 


Identical With Roberts’ Blue 


The identity of this blue character 
with the one described by Roberts has 
been established by Dr. W. E. Castle of 
the University of California in crosses of 
the two stocks. His first mating of one 
of our blue males with a blue female of 
Roberts stock resulted in a litter of nine 
blue and subsequent matings in a stock 
pen resulted in many all blue progeny. 

A hooded female mosaic for blue and 
intense color has recently been observed 
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THE MOSAIC SPOT 
Figure 7 
On the left side of this individual a black area appears in the blue hood on the shoulder. 
This extends only to the midline of the back. The black area on the right side of the face is less 
clearly defined. Mated to a blue male she produced only blue offspring, showing that genetically 


tense hooded by biue selfed. The occur- 
rence of mosaic coat patterns in the rat 
must be extremely rare, since only one! 
has been previously reported. Dunn in 
1934% described a case of mosaicism in- 
volving a new mutation in the house 
mouse and made a survey of twenty-one 
cases of rodent color mosaics described 
in the literature. The majority of these 
cases occurred in heterozygotes and 
could be explained by the assumption of 
the loss by non-division or non-disjunc- 
tion of the chromosome carrying the 
dominant allelomorph in a somatic mi- 
tosis in the direct ancestry of a single 
patch of the coat. 


The mosaic rat described by Castle 
was an agouti black hooded male mot- 
tled with yellow (p) spots. The vellow 
spots varied in size from a few hairs to 
a square inch and were distributed 
throughout the colored area of the coat 
which was about 42 per cent according 
to our pattern classification? and a +2% 
by Castle’s. The mosaic bred as a hetero- 
zygote for color and pink-eye being of 
the composition Ce Pp and the yellow 
areas, although scattered, probably re- 
sulted from the elimination of P from 
the daughter cell which constituted their 
“anlage”. 

The parents of the mosaic female re- 
ported here were two of 26 black selfed 


she was pure for the blue gene (dd). 
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sibs heterozygous for blue and hooding 
(Dd Hh) as shown in Figure 6B. The 
mosaic was one of 56 progeny which in- 
cluded also 29 black selfed (DH), 7 
black hooded (Dh), 13 blue selfed (dH) 
and 6 blue hooded (dh). Her father had 
286 progeny from matings with six sis- 
ters which included 162 black selfed 
(DH), 52 black hooded (Dh), 56 blue 
selfed (dH), 15 blue hooded (dh), and 
the mosaic. 

The mosaic had a hooded pattern 
about 26 per cent colored with a black 
area on the right side of the face extend- 
ing from the mid-dorsal to the mid- 
ventral line and on the left side of the 
cape from the mid-dorsal line about half 
the distance to the mid-ventral line (Fig- 
ure 7). The combined black areas 
equaled about ten per cent, and the re- 
mainder of the colored area was blue. 
Since the parents of the mosaic were 
black heterozygous for blue it was possi- 
ble that she also was Pd and that the 
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mosaicism was due to the elimination of 
the dominant allelomorph in a somatic 
cell. However her breeding record elimi- 
nated this explanation since she was 
genetically dd as evidenced by sixteen 
blue selfed progeny in two litters sired 
by a blue selfed male. The mosaicism 
seems most likely to be due to a change 
in the blue gene in a somatic cell in the 
reverse direction to the mutation which 
had occurred five to six years earlier in 
a germ cell. 
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Two Research Scholarships 


The Zoological Society of San Diego an- 
nounces two scholarships available to ad- 
vanced graduate students .for the pursuit of 
research work at the Biological Research In- 
stitute on some phase of animal biology (con- 
cerned primarily with such branches as path- 
ology, bacteriology, parasitology, physiology, 
comparative anatomy, comparative biochemis- 
try, animal nutrition, or animal psychology). 
The stipend of each scholarship is $1,000.00 
per annum. 

The Zoological Hospital and Research In- 
stitute is supported by public appropriations 
and endowed funds, and is devoted to problems 
concerned with the health and normal life of 
animals, in and out of captivity, and to various 
phases of biological research. It is operated 
in connection with the San Diego Zoological 
Gardens which house 3,000 animals, including 
175 species of mammals, 500 species of birds, 
and 150 species of reptiles. 

Research facilities include a two-story build- 


ing with individual laboratory and office rooms. 
Refrigeration, incubation, X-ray equipment, 
microphotographic apparatus, microtomes, 
microscopes, etc., are available in the building. 
There is a wealth of material for pathological, 
parasitological and anatomical study from the 
zoo and other cooperating agencies. 

Since the Biological Research Institute is 
not directly affiliated with any university, it is 
desirable that the recipient of the scholarship 
work under the direction of the department 
from which he applies, and preference will be 
given post doctorate investigators or to candi- 
dates for an advanced degree, it being under- 
stood that only the thesis or dissertation re- 
quirements or parts thereof can be fulfilled at 
the Zoological Research Laboratory. 

Further information will be sent upon re- 
quest. Applications should be forwarded to 
Dr. Charles R. Schroeder, Zoological Society 
of San Diego, Balboa Park, San Diego, Cali- 
fornia, before June 15, 1940. 


COLCHICINE-INDUCED TETRAPLOIDY 
IN LILIUM 


S. L. EMSWELLER AND PHILIP BRIERLEY 


Division of Fruit and Vegetable Crops and Diseases 
United States Department of Agriculture 


HE ever-increasing reports of the 
successful induction of polyploids 
by colchicine indicate that this new 
tool may have far reaching value to the 
plant breeder. Among several reported 
polyploid flowers, the most promising so 
far are the tetraploid marigolds and 
snapdragons of Ruttle and Nebel.® 

One of the difficulties which may be 
expected in seed propagated auto-tetra- 
ploids is some degree of self-sterility. 
Among ornamental plants, self-fertility 
is not a factor in those species that are 
easily propagated asexually; especially 
those that must be so propagated because 
the available varieties are highly hetero- 
zygous. It appears to the authors that 
these particular forms offer a promising 
field in which the production of poly- 
ploids should be attempted. The genus 
Lilium contains such heterozygous spe- 
cies. Since several of these are included 
in the flower-breeding program at the 
United States Horticultural Station at 
Beltsville, Maryland, colchicine treat- 
ments have been applied with the hope 
of producing polyploids in this impor- 
tant group. 

The chromosome number of 48 lilies 
has been determined.** All species have 
a diploid number of 24 except Lilium 
tigrinum which has 36 and is the only 
known polyploid in the genus. Another 
form of L. tigrinum with 24 has been 
reported by Stout.§ 


Materials and Methods 


Lilium formosanum was selected for 
this preliminary study because it is readi- 
ly available in our work and because it 
usually flowers in 10 to 14 months from 
seed, whereas most lily species require 
from three to five years. Twenty-five 
one-year old plants (in their second sea- 


son from seed), growing in five-inch 
pots, were selected for uniformity from 
a large group. When the flowering stalk 
was six to eight inches high, the tip 
leaves were all trimmed back in order to 
expose as much as possible the apical 
meristem. This operation left uninjured 
all the young leaves which folded over 
the apex, and also any very young leaf 
primordia that might have been present. 
The plants were divided into five groups 
of five each. Four lots were treated with 
aqueous solutions of colchicine at con- 
centrations of 1.0, 0.6, 0.4, and 0.2 per 
cent respectively, while one lot was treat- 
ed with water as a control. The plants 
of four lots were inverted with the ex- 
posed growing points immersed in the 
solutions for two hours. The control 
plants were similarly treated in water. 


Results 


The treatments were applied on March 
23, 1938, and all treated plants soon 
showed effects of the colchicine. By 
April 6 they developed a marked thick- 
ening of the terminal growing point, 
elongation of the stem had practically 
ceased, and new leaves had not appeared, 
while the control plants, soaked in water 
only, continued growing and bore numer- 
ous new leaves. A typical check and a 
treated plant, as they appeared on April 
21, are shown in Figure 8. 

The apex of the stem of each treated 
plant continued to increase in diameter, 
and by the latter part of June a new 
shoot appeared at the top of each plant 
and began to elongate rapidly. At the 
same time bulblets were formed in the 
axils of the old leaf stubs on the thick- 
ened stem apex. This is unusual since 
stem or aerial bulblets are not normally 
formed on Lilium formosanum. Beal,? 
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The control plant is on the left. 
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EFFECTS OF COLCHICINE TREATMENT 
Figure 8 


Note the new leaves at top and the stubs of those that 


were cut. To the right is a plant treated for two hours in one per cent colchicine. Note 
swelling at top and short broad leaves. Photograph taken 29 days after treatment. 


working with L. philippinense formosan- 
um, L. longiflorum, and L. harrisii, has 
reported bulblet formation in leaf axils 
of L. harrisii following application of 
indoleacetic acid in lanolin to the cut 
surface of decapitated stems. Buds were 
not formed, however, on either L. formo- 
sanum or L. longiflorum. The bulblets 
on one of our treated L. formosanum 
plants are shown in Figure 9, as they 
appeared on September 7. Since the pic- 
ture was taken from above, the bulblets 
appear to be at or near the soil level; 
however, they were about eight inches 
above it. The stem arising from the cen- 
ter is the new shoot which began to grow 
in July. A few of these central shoots 
bloomed, but the flowers did not appear 
to differ in any way from diploids. They 
were, however, not examined cytologi- 
cally. 

The bulblets were removed in late 


September and planted separately in 
pots, but since Lilium formosanum is 
very susceptible to bulb rots, the plants 
were later transplanted to a greenhouse 
bench in which special drainage had 
been provided. Although a few bulblets 
were produced on each treated plant 
only 31 survived as a result of the rot. 
representing only four of the 20 plants 
treated. The 31 were numbered in con- 
secutive order, and data concerning them 
appear in Table I. Plants 1 to 12 came 
from one plant that had been subjected 
to 1 per cent colchicine. Plant 13 was 
from another individual receiving the 1 
per cent treatment, and plants 14 to 30 
were all derived from one plant given 
the 0.2 per cent colchicine. Number 31 
was the sole surviving bulblet from an- 
other lily of the 0.2 per cent series. 
Chromosome counts from root tips of 
24 of the 31 plants derived from the 
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BULBLETS ON A TREATED PLANT 


Figure 9 
Bulblets formed on a Lilium formosanum plant that had been treated with one per cent 


colchicine. 


At (a) is the new central shoot, (b) the bulblets. 


The bulblets are about eight 


inches above the soil; the stem below them is not visible. Photograph taken 168 days following 
treatment. Bulblets do not normally form on plants of this species of lily. They are caused 


by the colchicine treatment. 


colchicine treatments are given in Table 
I. Fifteen of these were tetraploids and 
nine diploids. However, one of the dip- 
loid plants, number 20, produced a 
tetraploid top as shown by its large 
stomata and by the polyploid seedlings 
it has produced. The remaining seven 
plants of the 31 were rot counted be- 
cause root tips were not available prior 
to shifting from pots to the greenhouse 
bench. Root tips from five random Lili- 


wm formosanum plants all had 24 chro- 
mosomes. Beal! found no mitotic irregu- 
larities in either developing roots or 
shoots of L. formosanum, L. longiflorum, 
and L. harrisii he had treated with in- 
doleacetic acid. The bulblets formed on 
L. harrisii in his experiment were evi- 
dently all diploids. Greenieaf* found that 
buds were produced from the callus 
formed on Nicotiana following applica- 
tion of indole-3-acetic acid to the cut sur- 
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PROOF OF POLYPLOIDY 
Figure 10 
Showing chromosomes (4, C) and stomata (B, D) of a diploid and of a tetraploid Lilium 
formosanum (4 and B, diploid; C and D, tetraploid). The diploid form has 24 chromosomes ; 
the tetraploid, 48. Chromosomes 1200; stomata 400. 


face of stems, and that a rather high per- 
centage of these were polyploid. 
Twenty-two of the 31 plants bloomed, 
and the pollen grains of 14 were exam- 
ined. In general there was less good pol- 
len in polynloids, as shown in Table I. 
Of the seven plants on which chromo- 
some counts were not made, one, number 
23, was probably polyploid since it had 
less than one per cent good pollen grains 
and was completely sterile. A second 
plant, number 21, was probably a diploid 
since it had 99 per cent good pollen 


grains and was highly self-fertile. Four 
of the remaining five plants failed to 
bloom and the fifth, number 28, was self- 
sterile. 

The size of stomata was found to be 
a valuable aid in preliminary determina- 
tions of polyploids. Considerable varia- 
tion in size of stomata was observed on 
and between individual plants, but the 
stomata of tetraploids were much larger 
than those of the diploids. On the basis 
of stoma size alone, all of the plants 
unclassified as to chromosome number 
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POLLEN GRAINS 
Figure 11 


Pollen grains of: 


A (diploid); B and C, two tetraploids originating from doubling the 


same soma. D, although its chromosome number was not determined, is probably a tetraploid 
because it had large stomata. Most of these grains are abortive. 700. 


or good pollen grains were very probably 
polyploids. These were numbers 2, 11, 
18, 19, and 28. This will make a total 
of 22 polyploids in 31 plants. Eleven of 
the 22 polyploids came from one diploid 
Lilium formosanum plant, nine came 
from another, and each of the remaining 
two came from a different L. formo- 


sanum plant. Thus four different L. 
formosanum seedlings produced all the 
polyploids. In Figure 10 are shown the 
chromosomes and stomata of diploid and 
tetraploid L. formosanum. Samples of 
diploid and tetraploid pollen grains are 
shown in Figure 11. B and C are two 
different tetraploids produced on the 
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TETRAPLOID FLOWERS COMPARED WITH DIPLOID 
Figure 12 
The plant in the center is a diploid two-year old plant bearing three flowers. Left and right 


of the central plant are tetraploid flowers. 
diploid flowers. 


These are about one-quarter larger than the 


same diploid L. formosanum, and D 
came from another diploid L. formosan- 
um. A is from a norma! diploid, B is 
from plant number 5 in Table I and C is 
from plant number 9. The magnifica- 
tions are the same in both instances, and 
therefore differences do exist although 
each plant is a tetraploid derived from 
the same diploid soma. 


Tetraploid Flowers Larger 


The 18 tetraploid flowers had a mean 
tube length of 18.54 + .361 cm. and 
mean tube diameter of 13.86 + .298 cm. 
Twenty diploid flowers averaged 14.35 
+ .280 cm. and 10.05 + .403 cm. re- 
spectively. Thus tetraploid flowers were 
about 25 per cent larger than diploids 
growing in the same greenhouse and 
flowering at the same time. The diploid 
plants were two years old from seed, 
while the tetraploids were all from bulb- 
lets and about 10 months old, being 
therefore more comparable to seedlings. 
It has been our experience in both 
Lilium longiflorum and L. formosanum 
that seedling flowers are often smaller 
than those borne on the same plant a 
year later. Two flowering tetraploids 
and one diploid are shown in Figure 12. 

All plants that bloomed were self- 
pollinated. When two flowers were pro- 


duced, one was selfed and the other polli- 
nated with a diploid Lilium formosanum. 
Only three plants produced two flowers, 
one of these, number 7, was tetraploid 
and formed a rather large fruit follow- 
ing pollination by diploid L. formosanum. 
The fruit, however, contained only 
empty seeds. The plant was also self- 
sterile, not even forming a fruit. The 
other two plants, 29 and 30, were dip- 
loids and formed fruits and good seed 
when pollinated by two different individ- 
uals of diploid L. formosanum. How- 
ever, they also failed to set seed when 
self-pollinated. 

Ten of the first 12 plants flowered, but 
only one produced seeds. This (number 
1) was one of the tetraploids in this 
group. The sterility of the other eight 
tetraploids is interesting since all nine 
(i.e., numbers 1, 3, 4-9, 12) came from 
bulblets produced on the same individ- 
ual, and were thus supposedly simple re- 
duplications of the same chromosomes. 
The fact that only number 1 set seed, 
however, is not unique since on several 
occasions in Lilium longiflorum we have 
secured seed from one flower on a plant 
while adjacent flowers have even failed 
to form fruits, although all had been pol- 
linated with the same pollen. We also 
have some L. longiflorum plants which 


Emsweller and Brierley: Tetraploid Lilies 


have been self-pollinated in two succes- 
sive years, producing seeds in one year 
and none in the other. Variations in 
percentage of good pollen as determined 
for eight of the nine tetraploids are of 
doubtful significance except that the pol- 
len of plant 3 is notably poor. 

The general failure of the above group 
of tetraploids, all originating from the 
same somatic tissue, to set seeds con- 
trasts sharply with the partial fertility of 
ali the tetraploids formed on another 
Lilium formosanum. These plants, num- 
bers 15, 17, 20, 25, and 27, each pro- 
duced about a 15 per cent set of seed. 
The pollen grains of number 25, the 
only one examined, were found com- 
parable to the average for the first group 
of tetraploids. Those of the other two 
tetraploids, numbers 13 and 31, were 
from different L. formosanum plants 
which did not flower. 

As this paper was being written, seed- 
ling progenies of the six fertile tetra- 
ploids were growing in the greenhouse. 
Germination was about 70 per cent, 
yielding a total of 606 plants. Examina- 
tion of the stomata of 20 random seed- 
lings from each of the six populations in- 
dicated that all are probably polyploids. 
From seven of the original tetraploids 
which have been increased by scaling, a 


TABLE I. “Chromosome Number ana Fertility Data from Bulblets - 
Formed on Treated Plants 


Plant No. | Chromosomes | Seed (selfed) | Good Pollen Grains 
Number Number Per cent 
1 48 16. 
2 
3 48 o7 
4 48 63 
5 so 
6 6s 
7 48 79 
6 64 
9 ° 87 
lo 24 ° --- 
n 
12 48 ° 6s 
13 48 
14 24 
15 48 149 
16 a“ 
17 la 
16 --- 
--- 
20 24 128 
al 651 99 
22 24 S31 
23 ol 
24 24 --- — 
25 46 11s 46 
26 24 
2 152 
28 ° 
29 2 99 
wn 24 97 
a 
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total of 168 plants are now growing in 
pots. 


Discussion 


The colchicine-induced tetraploids re- 
ported in this paper are especially inter- 
esting because one group of 11 all orig- 
inated from doubling one diploid soma, 
and nine came from doubling another 
diploid individual. While actual chro- 
mosome counts were not made of all 20 
plants, nine were counted in the larger 
group of 11, and five in the group of 
nine. All nine of the former lot and four 
of the latter had 48 somatic chromo- 
somes. The exceptional plant was num- 
ber 20, that had a diploid root system 
and a tetraploid top. 


If doubling of the chromosomes was 
the only change that occurred, all tetra- 
ploids with a common origin should be 
identical. Since there were differences 
such as shown by the pollen grains in 
Figure 11, B, C, and D, it would appear 
that chromosome changes other than 
simple reduplication must have taken 
place. Unfortunately the tetraploids with 
one exception produced but one flower, 
and meiosis was not studied, since every 
effort was made to secure seed. Obser- 
vations of chromosome pairing might 
have demonstrated structural differences 
in the chromosomes and afforded an 
explanation for the pollen differences 
noted. Such differences mav have re- 
sulted from minor deletions or possibly 
inert regions induced by the colchicine. 
Dermen? reported no visible chromosome 
abnormalities in colchicine-induced poly- 
ploids of Rhoeo discolor. More recently 
Eigsti® has observed the effects of col- 
chicine upon the nuclear and cytoplasmic 
phases of cell division in the pollen tube 
of Tradescantia occidentalis and Poly- 
gonatum commutatum, He states, “The 
frequency of chromosomal breakage is 
higher in treated material which indi- 
cates that colchicine induces variations 
other than polyploid changes.” 

A comparative study of meiosis of 
Lilium formosanum tetraploids having 
a common origin is now contemplated. 
Possibly it may reveal chromosomal 
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changes that were not recognizable | in 
mitosis. 


Summary 


As a result of colchicine treatments of 
the stem apex of Lilium formosanum, 
bulblets were produced, most of which 
proved to be tetraploids. The tetraploids 
produced on one individual plant were 
all slightly fertile, but only one of nine 
produced on another individual was 
fertile. 

The tetraploid flowers varied in size 
but averaged about 25 per cent larger 
than diploid flowers. Six hundred and 
six seedlings were secured from selfing 
the colchicine-induced tetraploids and 


seven of the original 22 tetraploids have 
been increased by scaling. 
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Psychiatry and Eugenics 


the problems of schizophrenia 
and manic-depressive psychosis bring us 
into the most immediate relationship with 
heredity and constitution. There can be no 
question, I believe, that these diseases are, of 
all the psychoses, most intimately related to 
the stuff out of which the individual is made 
by virtue of the hereditary processes. Conse- 
quently, there should be an educational and 
legislative program dealing with the inheri- 
tance of mental disease, a program based upon 
knowledge, and not upon fanaticism. In a 
democracy, such a program can operate only 
through the will of the people and not through 
fiat. The Committee of the American Neuro- 
logical Association for the Investigation of 
Sterilization and the British Royal Commis- 
sion have sufficiently emphasized for the pres- 
ent the facts that we have and the directions 
that legislation should follow. Voluntary selec- 
tive sterilization is strongly indicated. But 
this can come about only if the community is 
educated, and here is one of the fields of work 
for mental hygiene. 

But more than this is indicated. A long- 
time research into heredity must come about. 
An institute should be financed for at least 
fifty years, in which statisticians, geneticists, 


psychiatrists, social workers, and others would 
collaborate, in which individuals would be 
watched throughout their life span, family 
groups studied in an intensive way, and re- 
sults reached that would stand the test of 
critical scientific judgment. 

If we develop techniques by which the indi- 
vidual patient is cured, we shall in a sense be 
working against eugenics unless means are 
taken to control the propagation of these in- 
dividuals. As we advance in therapeutics, we 
should advance in eugenics, a eugenics scien- 
tific, humane, non-fanatical, and with a chance 
of being accepted into the mores and legal 
structure of the American community. 

Meanwhile, we need not be daunted by the 
word “constitution” or the word “heredity.” 
There is no more a unitary heredity than 
there is a unitary environment, and some he- 
redity undoubtedly represents a disease of the 
germ plasm rather than a factor of the Men- 
delian type. Even though a disease has a con- 
stitutional basis, physiochemical substances 
may be found to offset it, as in diabetes, which 
is constitutional, insulin is of great usefulness. 
There is no limit to the possible achievements 
of research. Myrrson, ABRAHAM—in Mental 
Hygiene, Jan., 1940. 


GENETICS OF THE FOWL 


11—A Linkage Map for Six Chromosomes 


F. B. Hutt W. F. Lamoreux 
Department of Poultry Husbandry, Cornell University, Ithaca, N. Y. 


HE accompanying map was pre- 
pared originally for exhibition at 
the Seventh International Con- 
gress of Genetics at Edinburgh, where 
five chromosomes were shown. Upon re- 
turn from that Congress, analyses of the 
vear’s data revealed a sixth linkage 
group, and with this addition the map 
was shown at the meetings of the Ge- 
netics Society of America at Columbus, 
in December, 1939.6 It was impossible 
to comply with requests for copies of the 
map but the interest of the editor of this 
journal has made possible its reproduc- 
tion on the following pages. Two of the 
mutations shown in color in the original 
map were the blue egg, and the silver- 
gold alleles in the sex chromosome. 
These are not revealed as distinctly in 
black and white, but otherwise the vari- 
ous mutations should be recognizable, 
even though the reproduction is less than 
one-quarter of the size of the original. 

It seems unnecessary to review here 
all the evidence for the various linkage 
relationships shown. Where linkage in 
any one chromosome has been recently 
reviewed in detail, the reader is referred 
to such a source of information. Since 
the map was prepared one or two 
changes and additions have been report- 
ed and these are mentioned below. 

It seemed desirable in such a map to 
show not only what the geneticist con- 
siders as the mutant form, but also the 
normal allele. This involves a definition 
of our normal fowl or “wild type.” For 
this purpose, and without committing 
the authors to acceptance of the theory 
of monophyletic origin of the domestic 
fowl, the Red Jungle Fowl, Gallus gallus, 
is taken as the wild type. Actually, none 
of the photographs of the normal alleles 
are from jungle fowls, but the type of 
comb, feather structure and color of the 
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jungle fowl are shown with reasonable 
accuracy. Minor exceptions will be not- 
ed. For example, the normal allele to 
dominant white is shown as extended 
black instead of the black-red color pat- 
tern of Gallus gallus, but the main point 
is that the wild type does not carry the 
gene, 7, for inhibition of melanin. 

Descriptions of most of the mutations 
shown in the map were brought together 
in an earlier report (Hutt*) and to save 
space detailed descriptions are not given 
here except for mutations added since 
the earlier map was presented. In the 
following notes the various linkage 
groups are listed in the order in which 
they were discovered. We have re- 
frained from labelling them as I, IT, ITI, 
etc., because with the exception of the 
sex chromosome none of these linkage 
groups has yet been related to any par- 
ticular chromosome. 


The Sex Chromosome 


This is the first chromosome in which 
linkage was measured, and to date eight 
sex-linked mutations have been reported. 
Although this is the largest linkage 
group, the sex chromosome is apparently 
not the longest chromosome, as was 
thought up to 1933 by cytologists study- 
ing this species, but rather the V-shaped 
fifth chromosome. (See Figure 14.) 

Since our map was prepared, Punnett® 
has presented new data on linkage in 
this chromosome and reviewed those 
previously reported. He has found 9.3% 
crossing-over between B (barring) and 
Id (inhibitor of dermal melanin), and 
locates the latter gene to the right of B. 
Otherwise, Punnett has not changed the 
arrangement of the genes shown in the 
accompanying map. 

However, the exact position of K 
(slow feathering) is stili in doubt. Pun- 


Surg 
Tet6Adain 


‘ 


| bal 
oJ 
i 
B a 3 
| 
4 
| 
| 
| 2 


‘8Z6 Ul sem [ewosoyne 
SAY IY} PUL “GGT UL dy} UL PasaAOISIP SEM “AJVAOISIP JO JOpsO dy} UL pasuesie die sdnoss aseyury ‘ysy 
ay} UT puke 94} UT AJUIM} pue ‘asnow asnoy sy} sdnois UT sauas JUNOD JUadaI B JOUIS Jo} dew aseyury 
DAISUD}XO JSOU IY} SI “(PT 9G) UO Jo YUM ‘sdno1s XIs 0} pousisse udsaq aavy sauas ¢z [Mo] uy 


€1 
TAOA AHL JO dVW ASVMNIT AHL 


----—: 


z 
+ 


2 


NMONY 


prdey 


yeurz0y, 


aAtTLAWY AND 


or 


YT 


sands 


| 
Dy 
i 
| 


234 The Journal of Heredity 


af f, J IV 


CHROMOSOMES OF THE FOWL 
Figure 14 

A—from an embryonic testis, showing two V-shaped sex chromosomes. B—from an em- 
bryonic ovary, showing only one sex chromosome. C—from a somatic cell, evidently female. 
The chromosomes are numbered in descending order of size, with the sex chromosomes shown 
as V(Z). Not all the chromosomes are shown in these diagrams and the latest studies place 
the diploid number at 80 for this species. D—The seven largest chromosomes of the fowl have 
certain characteristics by which they may be distinguished. These include total length, point 
of attachment of the spindle fibre and relative length of the two arms. Thus far only one of 
these seven, the sex chromosome ”(Z), has been identified with one of the linkage groups 


shown in the accompanying map. (From Soxotow and Trorrmow!»,) 


nett’s useful summary of all available 
data yields cross-over values as follows: 


B and 46.20 48.68 

Id and 46.28 47.06 
Since the numbers of gametes on which 
these percentages are based are in no 
case less than 1100, it seems probable 
that K may lie between B and S (silver) 
as was suggested by Hertwig? and Mac- 
Arthur.’ Its location to the right of S 
as shown on our map accommodates 
somewhat better the available evidence 
on the relationships of K, S and Li 
(light down). 

To clarify the situation more informa- 
tion is needed concerning the relationship 
ot the B-/d genes at one end of the chro- 
mosome and the S-K genes at the other 
to some gene located between these two 
pairs. Studies now under way with the 
mutation, naked, described by Hutt and 
Sturkie* may meet this need. 


The Cp R U Chromosome 
This chromosome provided the first 


case of autosomal linkage known in the 
fowl when Serebrovsky and Petrov’? re- 
ported about 8% crossing-over between 
Cp (Creeper) andr (single comb). Sub- 
sequent studies have shown that these 
two genes are very closely linked with 
crossing-over between them of 0.39% de- 
termined by Landauer‘ and about 0.5% 
by Taylor.4 

Another gene, U (uropygial), causing 
in heterozygotes a bifurcation or com- 
plete division of the uropygial papilla, 
has been assigned to this chromosome by 
Hutt? who found 29.6% crossing-over 
between U and R. 


The Cr I F Chromosome 


Extensive evidence for the linkage re- 
lationships shown in our map for Cr 
(crest), J (dominant white) and F 
(frizzling) was presented by Warren 
and Hutt.!* The earlier studies of link- 
age in this chromosome are reviewed in 
their paper. Warren" has more recently 
reported that the recessive mutation, 
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Hutt and Lamoreux: Linkage in Fowl 


fray, which breaks up the webs of the 
rectrices and remiges, is also in this chro- 
mosome, but its linkage relationships 
have not yet been published. 


The P O ma Chromosome 


This linkage group was established by 
Hertwig? who found 32.8% crossing- 
over between P (pea comb) and ma 
(marbled pattern in the down) and also 
45.6% crossing-over between ma and Na 
(naked neck). P and Na showed inde- 
pendent segregation and it is therefore 
clear that, if Na be in this chromosome, 
it must be remote from P, as it is shown 
in the map. 

Warren" stated that Na belongs in 
the h Fl group, but pending the presenta- 
tion of evidence to the contrary, there 
seems no reason to reject Hertwig’s de- 
termination of 45.6% crossing-over be- 
tween ma and Na, especially since it was 
based upon no less than 1141 gametes. 
It is quite possible that there may also 
be a linkage of Na with Fl as was 
claimed by Warren, in which case what 
are shown as two separate linkage 
groups in our map would become a sin- 
gle large group containing P, O, ma, N, 
Fl and h. 

It has recently been shown by Bruck- 
ner and Hutt! that the gene, O, causing 
blue pigment in egg shells is closely 
linked with P, there being only two 
cross-overs or less than 6% in the 35 
gametes tested. It is not yet known 
whether it lies to the right or left of P. 


The h Fl Chromosome 


Linkage of h (hookless), the gene 
causing absence of hooks and scrolls on 
the barbules in feathers of Silkie fowls, 
and // (flightless), a dominant mutation 
inducing breakage of the rectrices and 
remiges, was reported by Warren.!? His 
latest data!’ show crossing-over between 
them of nearly 12% rather than the 10% 
indicated in his earlier note and shown 
on our map. 


The D M Chromosome 


The latest linkage group to be discov- 
ered contains the gene, D, for duplex 
comb, and M, a dominant gene inducing 
multiple spurs. Hutt® found W to be in- 
dependent of the four autosomal linkage 
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groups already described, but linked with 
D, there being about 28% crossing-over 
between the two genes. 


Summary 


A map is presented showing the ap- 
proximate locations of 21 mutant genes 
in six linkage groups. In addition to 
these the mutation, naked, is assigned to 
the sex chromosome and fray to the 
F I Cr group, but with their exact loci 
not given. All of these mutations and 
their normal alleles are illustrated. 
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SOME EXPERIMENTAL MATINGS OF 
COLOR-BRED WHITE BULL TERRIERS 


L. Casot Briacs 


WHITE AND BRINDLE BULL TERRIERS 
Figure 15 
For relationships see chart in Figure 16. 4—Lord Gladiator; B—Ch. Mystery Knight 
of Lueuch (sire of Minton Meringue) ; C—Minton Meringue; D—Ch. Rebel of Blighty. C and 
D are “color-bred” whites which when mated had only white pups. 


VER since the modern colored 
BE bull terrier got well under way, 

about 1900, there has been wide- 
spread anxiety on the part of breeders 
of “pure” white strains lest the white 
variety should become contaminated by 
the introduction of colored blood. This 
anxiety has its roots in the belief, still 
current among animal breeders, that the 
inheritance of coac color follows Galton’s 


Law. As is generally known, white bull 
terriers appear with great frequency, not 
only in litters with one parent colored 
and the other “pure” white, in coat and 
ancestry, but also in litters where both 
parents are colored. These white pups, 
having colored ancestry in the immediate 
background, came to be known as color- 
bred whites. Many prominent breeders 
have voiced the opinion that white de- 
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Briggs: White Bull Terriers 


(Lord (Fringes; pedigree 
P 


(Rebel of Blighty) (Minton Meringue) 
Py, cer Seven pups 
o 
COLOR-PEDIGREES OF TERRIERS 


Figure 16 


Mating of color-bred whites to pure whites 
(4), and of color-bred whites to each other 
(B) produces only white progeny. These mat- 
ings demonstrate that white in the bull terrier 
is a pure recessive, and that fanciers’ prejudices 
against “color-bred” animals have no founda- 
tion. Pw = “Pure” White—no colored ances- 
try so far as known; CBW = Color-bred 
White—white, but with known colored ances- 
try: Br = Brindle; R = Red. 


scendants of a color-bred white to “pure” 
white mating, or of a mating between 
two color-bred whites, would, sooner or 
later, throw colored individuals. Color- 
bred whites might well be palmed off as 
“pure” whites by ignorant or unscrupu- 
lous breeders, and so the hard won puritv 
of the white foundation strains would be 
destroved. The articles and books cited 
herewith present the accepted view with 
regard to this matter. Similar views 
are expressed elsewhere, but. in most 
cases the material is drawn from the 
sources cited, the conclusions being mere 
repetition. 

On the basis of my own observations, 
and of data supplied by fellow fanciers 
and breeders, I finally came to the con- 
clusion that the whiteness of the white 
bull terrier is a pure Mendelian recessive, 
and consequently that white bull terriers 
will breed true for whiteness ad infiuni- 
tum, regardless of colored ancestry. The 
same conclusion was reached by Dr. F. 
Fraser Darling, Maj. T. Grahame, and 
Capt. J. N. Ritchie* on the basis of data 
collected by Hogarth. But there was 
one aching void: there was no record of 
any mating between two color-bred 
whites. Private inquiries revealed the 
record of a series of matings, shown in 
diagramatic form in Figure 16, in which 
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the possibilities of crosses between color- 
bred whites and “pure” whites were 
pretty well exhausted. Here only white 
pups appeared. Further extensive in- 
quiries, in this country and abroad, failed 
to produce any records of color-bred 
white to color-bred white matings, and 
so I undertook to arrange one. To this 
end I procured a white bull terrier bitch, 
having brindled parents, three brindled 
grandparents, and one “pure” white 
grandparent, the sire’s sire. The bitch, 
Minton Meringue, has a large, oval, tan 
head mark extending from the base of 
the left ear to well below the left eye. 
I mated her to the English and American 
Champion Rebel of Blighty, an entirely 
white dog having a red sire, a brindled 
dam, both grandsires brindled, and both 
granddams “pure” white. The color 
background of this mating is shown in 
diagramatic form in Figure 16. It re- 
sulted in a litter of seven pups, four 
males and three females,* all entirelv 
white, except that one male has a small 
black spot on the right ear. Thus we 
see that the pure recessive nature of the 
whiteness of white bull terriers is no 
longer open to question. There is no 
longer anv real need to draw a color line 
between color-bred whites and “pure” 
whites ; for all white bull terriers, regard- 
less of ancestral color, are probably gen- 
etically pure as regards those factors re- 
sponsible for their characteristic white- 
ness. 


Perhaps, at this point, I should pause 
to consider that famous litter, reported 
by Hogarth,’ in which three out of eight 
pups were black, while both parents, Ch. 
Aberdonian and Klondyke Sparkles. 
were “pure” white. No comparable lit- 
ter has ever been recorded. Granted that 
the black individuals were not actually 
the result of an unsuspected mesalliance, 
I still feel safe in assuming them to be 
sports. The whiteness of the bull terrier 
is due to several patterning factors, one 
of which keeps color from appearing in 
the coat except occasionally in small 
spots or patches, while another limits the 


*Such research as has been done so far indicate that sex linkage plays no part in the inherit- 


ance of color in bull terriers. 
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appearance of pigment to the eyes, the 
nose, patches on the lips and roof of the 
mouth, small scattered spots on the skin, 
and occasionally the toenails. Such pig- 
ment as does appear is usually black, 
with tan exceptional, and brindle ex- 
tremely rare. Thus we may infer that 
a mutation affecting the first of these pat- 
terning factors might well express itself 
in the form of a litter like the one in 
question. By the same token, such a 
litter appears to be without genetic im- 
portance in relation to our subject. Al- 
though it is an interesting phenomenon, 
it has no place in a study of the normal 
inheritance of whiteness in bull terriers. 

In closing I wish to express my grati- 
tude to Mrs. Eleanor Livingston Briggs, 
owner of the sire of my experimental 
litter, and to Mr. E. N. Holland, of Ox- 
ford, England, who supplied the data on 
which Figure 16 is based. Dr. L. C. 
Dunn, of Columbia University, and Dr. 
John MclI. Phillips, of Ohio, have 
spurred me on in my research by their 
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most helpful and encouraging coopera- 
tion. 

Needless to say, I am still anxious to 
gather material bearing on the subject of 
this article. Any contributions of per- 
tinent factual information will be grate- 
fully received. 
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Two Mechanisms Produce White Egg-Color in the Silkworm 


There are many papers devoted to the in- 
heritance of the egg-color of silkworms by 
K. Toyama (1913), Y. Tanaka (1919, 1924, 
1935), H. Uda (1923, 1924, 1932), E. Kawa- 
guchi (1938 a. b), Y. Nakano (1931) and K. 
Suzuki (1936). In these reports we find two 
types of egg-color, one being transmitted ordi- 
narily and the other maternally. In my previ- 
ous paper, I wrote on a maternal white-egg 
breed (zw) which seems to be analogous to w 
of Kawaguchi (1938 b) and wPR of Uda 
(1932). Fortunately I have had another white- 
egg breed (w2) which acts ordinarily. By 
crossing these two white breeds, I have come 
to the following conclusion. 

1. The first white-egg breed may be repre- 
sented as wilV2PR and the second white breed 
as W.w2PR, where P and R are normal genes 
for p (pink eye) and r (red eye) respectively. 


W, is assumed to be related to the produc- 
tion of hormone-like substance and its func- 
tion exclusively takes place at the larval stage 
but not in the embryonic stage, hence maternal 
inheritance, while W2 produces immediately 
after fertilization the chromogen which gives 
rise to the normal egg-color in the presence of 
the said hormone, hence ordinary inheritance. 
I support Kawaguchi’s idea that the develop- 
ment of the egg-color is a result of interaction 
of the hormone and the chromogen. I cannot, 
however, agree with him respecting to his con- 
ception of the pleiotropic function of these 
genes. 

2. There is a linkage relation between 7 
and ws, the crossing over value being calculat- 
ed at 3.36% in the male, and 0 in the female.— 
Suzuk1, K. On the linkage between two dif- 
ferent white egg genes in Bomby x Mori. Jap. 
Jour. Genet. 15:183-193. Aug., 1939. 
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“STREAMLINED” PIGS* 


A New Legless Mutation 


Lestie E, JOHNSON 
Towa State College 


N an Iowa farm in the spring of 
() 1938, fifteen legless pigs were 

born, scattered among seven lit- 
ters out of twenty that farrowed on that 
farm. The defective pigs were complete- 
ly legless, not even a vestige of the hu- 
merus, femur, or other leg bones being 
present. The shoulder blades and pelvic 
bones seemed to be normal or nearly so 
in size and shape. In some cases the rear 
part of the pélvis may have been narrow- 
er than usual. Some external variations 
were also noticeable in the conformation 
of the pelvic region and atresia ani and 
cleft palate occasionally accompanied the 
defect. All of the legless pigs were alive 
at birth and appeared as healthy and 
vigorous as their normal litter mates. 
They were even able to move about a 
little by raising their heads and twisting 
their bodies in a manner superficially 
suggestive of the movements of seals. 
They lived from two to three days and 
seemingly died from starvation. The lit- 
ter distribution of the defective pigs, the 
absence of intermediates between them 
and their normal litter mates, their close 
relationship to each other and to other 
pigs on a neighboring farm where the de- 
fect also occurred, and the probability 
that the pigs were slightly inbred, all 
made it seem likely that this was a 
hereditary characteristic worthy of in- 
vestigation. 

The occurrence of legless defects in 
swine is very rare. V. Buffagni! re- 
ported one in which the right foreleg was 
absent and the right scapula was defi- 
cient. Its heritability was not estab- 
lished, however, as only two occurrences 
were observed and these in unrelated 
stock. Charles Darwin? recorded a case 
in which both hind legs were completely 


missing. This defect was undoubtedly 
heritable as it occurred in three succes- 
sive generations. From Darwin’s de- 
scription the legless condition seems to 
be identical with one which occurred at 
New Brunswick, Canada, and was pic- 
tured in the December 26, 1938, issue of 
Life. The absence of the hind legs was 
not lethal and the pigs lived and devel- 
oped. 


Anatomical Description 


Based on dissection of two of the pigs Dr. 
H. L. Foust, Professor of Veterinary Anatomy 
at Iowa State College, thus describes the de- 
fect: On the skin at the point where the arm 
would have extended there was a swirl of hair. 
The dorsal muscles of the scapula originating 
on the animal skeleton appeared to be normal. 
The deep pectoral muscles were inserted into 
the distal end of the scapula. The supra- 
spinatus, infraspinatus, deltoideus, subscapu- 
laris, teres major muscles were all rudimentary 
and confined to their respective scapular sur- 
faces. A triangular muscular mass attached to 
the postero-ventral border of the scapula prob- 
ably represented the triceps brachii muscle. 
The scapula differed somewhat from the nor- 
mal shape in that the glenoid cavity was absent 
and there were one or two tuberculate masses 
in its place. 

The blood vessels appeared to be in normal 
position but ended in the fascia of their re- 
spective courses. Of the nerves of the brachial 
plexus, only the median, radial, ulnar, and 
musculo-cutaneous appeared to be greatly modi- 
fied. The thoraco-dorsal nerve was very large 
and gave off several large branches from its 
ventral side before terminating in the latissi- 
mus dorsi muscle. The thoraco-dorsal nerve 
was thus thought to have carried the trunks of 
the median, radial, ulnar and musculo-cutane- 
ous. 

Of the muscles of the hip the gluteus acces- 
sorius and gluteus profundus were rudimen- 
tary. The muscles which would have been at- 
tached to the leg were absent. The acetabulum 
was represented by a knob. The blood vessels 
appeared to be normal in position but ended 
in the fascia of their normal course. There 


*Journal paper No. J-720 from the Iowa Agricultural Experiment Station, Ames, Iowa. 
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APPENDAGES ABSENT 


Figure 17 


Two of the legless pigs shortly after death. The rear part of the pelvis appears small but 
that is hard to judge in the absence of the hind legs and absence or small size of the heavy 


muscles which normally accompany them. 


was no evidence of a lumbo-sacral plexus of 
nerves. In the two specimens atresia ani ex- 
isted. 


Record of Ancestry 


The legless pigs occurred first in the 
herd of Mr. E. H. Pech near Le Mars, 
Iowa, and later in the herd of a neigh- 
bor who had used the same boars dur- 
ing the two preceding years. Both herds 
were high grade Poland-Chinas and were 
used only to produce market pigs. The 
breeding plan followed by both breeders 
was to (1) select a new boar each year, 
(2) use only one boar in the herd at a 
time, (3) use only spring gilts of the 
preceding year to produce the spring 


pigs, (4) rebreed a portion of the gilts 
for fall litters, and (5) market all sows 
either in the early summer after they 
had weaned their first litters or in the 
late fall after weaning their second lit- 
ters. Thus there was a new generation 
each year. All of the contemporary pigs 
were by one sire, and their dams were 
all produced by the preceding sire. In 
general little or no inbreeding was in- 
volved as each sire was unrelated or 
nearly so to the preceding ones. 

The sires used to produce the 1937 
and 1938 pig crops in the herds of Mr. 
Pech and his neighbor may be designated 
as A (sire of the 1937 pig crop) and Bh 


| 
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ANATOMICAL DETAILS 


Figure 18 


Side view and dorsal view of legless pigs as seen by the X-ray camera. The shoulder 
blades and the bones of the pelvis which normally articulate with the extremities are present, 


though perhaps somewhat smaller than normal. 


(sire of the 1938 pig crop). Sire A was 
purchased by Mr. Pech in the fall of 
1936 from a purebred breeder and sired 
the 1937 pigs in both farmers’ herds. All 
of the pigs produced were normal. Sire 
B was purchased in the fall of 1937 from 
another farmer but had been bred in the 
same lierd in which 4 was bred. Exact 
pedigrees on A and B could not be ob- 
tained but since both boars came from 
the same small herd in successive years, 
it is probable that they were related and 
the relationship may easily have been as 
close as that between maternal sibs. The 


legless pigs that occurred in the herds of 
Mr. Pech and his neighbor were from 
matings of B to A’s daughters. Sire B 
produced no legless pigs when used in 
the farm herd where 4 had not been 
used. 

The 1938 spring farrowing record on 
the Pech farm showed that 20 daughters 
of A, mated to B, farrowed a total of 112 
pigs, 15 of which were legless. The de- 
fective pigs occurred in seven litters, the 
numbers in the various litters being: 4, 
4,2, 2,1, 1,and 1. The sows which gave 
birth to the defective pigs were not 
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marked individually but nine of the 20 
were again bred to B for fall litters and 
produced 53 normal and seven defective 
pigs. The defective pigs occurred in 
three litters: 4, 2, and 1 per litter. In 
the neighbor’s herd only one crop of 
pigs was produced by mating sire B to 
A’s daughters. The nine sows that far- 
rowed produced 57 normal and three leg- 
less pigs. The defective pigs all oc- 
curred in one litter. 


Mode of Inheritance 


The frequent occurrence of the defect 
when B was mated to A’s daughters and 
its non-occurrence among 4’s own off- 
spring or when B was mated to other 
sows seems to establish the heritability 
of the legless condition. The number and 
distribution of legless pigs indicates that 
the defect is inherited as a simple Men- 
delian recessive. The gene responsible 
must be very rare or the defect would 
have been reported often. 

Assuming that the defect is inherited 
as a simple Mendelian recessive and that 
A and B were both heterozygous, half 
of A’s daughters should be carriers and 
matings of sire B to A’s daughters would 
result in about one-half of the sows pro- 


ducing legless pigs and in one-eighth of | 


all the pigs being legless. Tables I and 
II show the actual and expected numbers 
of pigs produced. In the Pech herd the 
actual numbers are practically identical 
with the expected ones. In the neigh- 
bor’s herd the number of legless pigs is 
less than expected but not significantly 
so. 
The important facts indicating that the 
defect is inherited as a simple Mendelian 
recessive are: (1) the defect must have 
been introduced in two generations as 
sires 4 and B were the only boars that 
had been used in both herds, (2) the oc- 
currence of the defect in the Pech herd 
agrees exceptionally well with the hy- 
pothesis and does not differ significantly 
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from it in the neighbor’s herd, (3) sire 
B produced no detective pigs when used 
in a herd unrelated to A, and (4) sires 
A and B were bred in the same herd, 
which makes it probable that they were 
related closely enough that it is not a re- 
markable coincidence that both could 
have carried a lethal gene which is rare 
in the breed as a whole. 


Summary 


1. A new lethal, “legless,” has been 
observed in two herds of high grade 
Poland-China swine. 

2. The pigs were born alive and were 
apparently as healthy and vigorous as 
their normal litter mates. Their bodies 
were normal in size, or nearly so. 
Shoulder blades and pelvic bones were 
present but the leg bones were absent 
and no limb buds protruded from the 
body at all. 

3. All available data indicated that 
the defect is inherited as a simple Men- 
delian recessive. 
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TABLE I. Actual and Expected Legless Pigs Farrowed 


-Pirs Ferrovwed rics tea 
Herd Normal Le-less 
Pech © sorine 15 4.0 
fall 55 7 


TABLE II, Number of Sows Producing Defective Pigs 


Sows “t:ich Drrrowe 
Only nore 
Herd ral pics 
Pech srping | 13 
fell 6 3 5.3% 
letrhbor= snoring] 5.5 


#Assuming six pige per litter, in which case a little more 
than one-sixth of the heterozygous sows would produce 
litters containing only normal pigs. 
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that twin births occur with the fre- 

quency of 1 in 88, triplet births with 
the frequency of 1 in 88,? quadruplet 
births with the frequency of 1 in 88.* 
The generalization became known as 
Hellin’s law. 

In 1902, Weinberg presented a for- 
mula for determining the percentage of 
twin births which are dizygotic from the 
sex distribution of the twins. Disregard- 
ing the slight excess of male births, it 
would appear that the chances that the 
first born of a pair of twins would be 
male would be one in two, and the 
chances that the second would be male 
would also be one in two. The chances, 
therefore, that both would be male 
would be one in two, times one in two, 
or one in four. The chances for both 
twins to be of the same sex, that is, 
either both male or both female, would 
be twice this, or one in two. That is to 
say, if we consider the sex of dizygotic 
twins independently determined, one 
half of the dizygotic twin pairs should 
he of opposite sex and one half should 
be of the same sex. All of the monozy- 
gotic twin pairs must necessarily be of 
the same sex. 

We should, therefore, be able to ap- 
proximate the number of the dizygotic 
twin pairs by doubling the number of 
opposite-sexed twin pairs. The differ- 
ence between the number of same-sexed 
twin pairs and the number of opposite- 
sexed twin pairs should approximate the 
number of monozygotic twin pairs. 

In 1926, Gunnar Dahlberg published 
the results of the application of Wein- 
berg’s differential rule to twin births in 


I: 1895, Hellin submitted the rule 


Finland and France. Figure 19 reveals 
the results of this analysis. The upper 
solid line represents the dizygotic twin 
births in percentage of total births by 
ages of mothers for Finland 1878 to 
1916. The upper dotted line represents 
the rate for France 1907 to 1910. The 
upper dot dash line represents the rate 
for France 1902 to 1906. The corre- 
sponding lower lines represent the inci- 
dence of monozygotic twin births. 

It is at once apparent that the fre- 
quency of dizygotic twin births is a func- 
tion of maternal age while the frequency 
of monozygotic twin births appears in- 
dependent or practically independent of 
maternal age. 

In 1927, I published an approach to 
this problem, based upon an application 
of elementary probability theory and 
originally developed without knowledge 
of Hellin’s law. Table I will reveal the 
elementary thinking involved. 

If we consider the frequency with 
which an extra egg is released and fer- 
tilized at a given ovulation to be repre- 
sented by a, then the frequency with 
which two extra eggs are released and 
fertilized should be a?. Of course, the 
fertilization of two extra eggs would give 
rise to trizygotic triplets. We should. 
therefore, expect trizygotic triplets with 
a frequency of a? where a represents the 
frequency of dizygotic twins. 

Dizygotic triplets may be considered 
to represent the simultaneous occurrence 
of monozygotic and dizygotic twinning. 
As such, factors determining their fre- 
quency would be a and b and since the 
monozygotic twinning may occur in 
either of the twin ova released, we should 


*Read August Zz. 1939, before the Section on Human Genetics of the 7th International 


Congress of Genetics, Edinburgh, Scotland. 
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expect dizygotic triplets to occur with 
the frequency 2ab. 

Similarly, we might expect that a ten- 
dency within the fertilized ovum to form 
an extra embryo, which expresses itself 
with a frequency of b, thereby giving rise 
to monozygotic twins, might express 
itself by giving rise to monozygotic trip- 
lets with a frequency of b?. 

Such an approach as this gives us a 
rationalization of Hellin’s law, since 
twins occur with a frequency of (a + b), 
triplets with a frequency of (a + b)?, 
and since by an extension of the same 
thinking, quadruplets should occur with 
a frequency of (a + bd)’. 

Since a is a function of maternal age, 
the general law developed by Hellin 
should, according to this thinking, be 
improved by the statement that at any 
given maternal age, the frequency of trip- 
let births should be the square of the 
frequency of twin births. The predicted 
total number of triplets should then be 
best attained by summing the number of 
triplets expected at different maternal 
ages, rather than by ignoring maternal 
age and lumping all women together for 
the calculation. 

Statistics available in 1927 did not 
make possible an adequate check upon 
this formula. Material which has since 
become available makes a rigorous test 
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This analysis is based upon nearly 
twenty-five million births reported in the 
birth statistics of the United States Birth 
Registration Area for the years 1923- 
1924 and 1927-1936. Because informa- 
tion regarding stillbirths was not com- 
plete, it was necessary to calculate twin 
and triplet frequencies by ages of moth- 
ers for live births only. In dealing with 
plural births, a stillbirth is defined as one 
in which no child is born living. Still- 
births were not excluded when dealing 
with the sex ratios of twins and triplets, 
since adding a second source of error 
would not correct the first. 


Since we presume we are dealing with 
the function of a square, we have plotted 
the frequencies of triplet births for each 
five vear period of maternal age against 
the square of the frequency of twin births 
for that period. Because of the limita- 
tions of our data, we must accept ‘under 
20” as one age period and “over 45” as 
another. A glance at Figure 20 will make 
it clear that in representing the relation- 
ship in this fashion, we are dealing with 
the function of a straight line. The one 
point which deviates is for the age peri- 
od above 45 and is based on only four- 
teen sets of triplets so that chance factors 
explain the discrepancy. The line which 
has been entered upon the figure is the 
one which passes through the first and 


possible. the last points. It will be noted that this 
TABLE I.—Classification of Twins and Triplets 
Frequency Total frequency 
OO Dizvootic twins a re 
=) Monozygotic twins b § 
O00 Trizygotic triplets 
80 Dizygotic triplets 2ab (a+b)? 
Monozygotic triplets b? 


This formula ignores as numerically negligible certain possible theoretical refinements. For 


instance, we take a, the frequency of dizygotic twinning to indicate the extent of the tendency 
to dizygotic twinning. However, in fact the tendency to dizygotic twinning is expressed not only 
in twin births but is also expressed in some plural births of higher order. The tendency to dizy- 
gotic twinning is theoretically not a, (the incidence of dizygotic twins), but is a plus the incidence 
of trizygotic triplets, plus the incidence of dizygotic triplets plus the incidence of quadrazygotic 
quadruplets, plus the incidence of trizygotic quadruplets plus the incidence of dizygotic quad- 
ruplets and so on. Actually we may ignore all such additions as numerically insignificant and 
accept a, the incidence of dizygotic twinning as a satisfactory approximation of the tendency to 
dizygotic twinning. We have similarly ignored the fact that from our calculation of the inci- 
dence of trizygotic triplets (which we take to be a*) we should theoretically subtract the 
expected incidence of quadrazygotic quadruplets (a°) and of trizygotic quadruplets (3a°b) and 
make similar correction for quintuplet and higher order multiple births. The numerical differ- 
ence between our prediction a® and the more refined formula a*-a*-3a°b . . . is negligible. 


Jenkins and Gwin: Plural Births 245 


Percent of Total Births 


3o 


iS 30 35 
Ages of Mothers 
THE FREQUENCIES OF MONOZYGOTIC 


AND DIZYGOTIC TWIN BIRTHS BY 
AGES OF MOTHERS 


Figure 19 


I. Dizygotic Twin Births, France 1902-1906 
II. Dizygotic Twin Births, Finland 1878-1916 

III. Dizygotic Twin Births, France 1907-1910 
The corresponding lower graphs represent 

the frequencies of monozygotic twin births. 


line does not pass through the origin. 
The equation for this line is y = 0.656 + 
+ .00001318. 

We may now proceed to the rationali- 
zation of our equation. It is evident that 
triplet births occur with an incidence 
.656 times the incidence of twin births 
squared plus a constant. That is to say, 
any increase or decrease in the incidence 
of twin births squared is reflected by 
approximately two-thirds as much of an 
increase or decrease in triplet births. We 
may now refer to our a priori prediction 
of the frequency of triplet births. You 
will recall that a, the frequency of dizy- 
gotic twin births is a function of ma- 
ternal age; b, the frequency of monozy- 
gotic twin births, is a constant, and is 
independent of maternal age. On the 
basis of our reasoning the frequency of 
trizygotic triplet births, a? is a function 
of maternal age. The frequency of dizy- 
gotic triplet births, 2a, is also a function 
of maternal age, but the frequency of 
monozygotic triplet births, b?, is a con- 
stant and is independent of maternal age. 
We may say, therefore, that dizygotic 
twinning is a function of maternal age 
and we expect the incidence of trizygotic 
and dizygotic triplets to be a function of 
maternal age. 
independent of maternal age and we ex- 


Monozygotic twinning is 


pect monozygotic triplets to be indepen- 
dent of maternal age. 

On the basis of Figure 20, we can say 
that changes in the square of twin fre- 
quency related to maternal age are re- 
flected not in equivalent changes in triplet 
frequency but in changes of two-thirds 
the magnitude of the change in twin 
frequency squared. This two-thirds 
would appear to represent a prenatal 
survival rate of trizygotic and dizygotic 
triplet sets as compared with dizygotic 
twins. That is to say, if we assume that 
in one-third of triplet sets, all die before 
birth, we may say the variations in trip- 
let frequency at different ages of mothers 
parallel the variations in twin frequency 
squared with impressive exactitude. We 
take .656, therefore, to represent the sur- 
vival rate of trizygotic and dizygotic trip- 
let sets in utero, as compared with dizy- 
gotic twins. 

The significance of our factor 
.00001318 is uninterpreted as yet. Here, 
we are dealing with a factor in triplet 
frequency which is independent of ma- 
ternal age. By our logic, this factor 
must relate to the frequency of monozy- 
gotic triplet births. This value, there- 
fore, we interpret as difference between 
the incidence of monozygotic triplet 
births and the square of the incidence of 
monozygotic twin births. On this basis, 
we may conclude that the incidence of 
monozygotic triplet births is at all ages 
of mothers, .0000283, or one in 35,300 
births. 

Analysis of the facts, therefore, par- 
tially fits our a priori expectation. We 
find that recognizing a 33 per cent in 
utero mortality of trizygotic and dizy- 
gotic triplet sets, we may state that the 
incidence of trizygotic triplets is a”, the 
square of the incidence of dizygotic 
twins, that the incidence of dizygotic 
triplets is 2ab, twice the product of the 
incidence of dizygotic twinning and the 
incidence of monozygotic twinning. 
These two phenomena are merely a si- 
multaneous expression of more than one 
twinning process. The occurrence of 
monozygotic triplets on the other hand is 
a related but independent phenomenon 
governed by its own constant. Our for- 


Table II 
Live 3irths; United States 3irth Registration area, 1925 - lyw24 and 1y¥27 - 1¥36, inc. 


Age of ‘mother; Totas Births Twins Triplets Quadrupiets 
BeLow 2u 2,964523 18,445 p14 3 
20-24 7,332,715 62,918 6 
25 6,404,892 74,613 666 6 
Su = 34 4,318,157 65,870 733 10 
35 - 3y 2,667, 66¥ 49,953 16 
40 - 44 899,251 13,793 154 2 
45 + 88,302 887 14 1 
unknown 255,083 2,243 28 1 
Totas 24,930,592 288,722 2,854 45 
TotaL without 

unsnown 24,675,509 286,479 2,823 44 


The birth of twins, or triplets, or quadruplets ts enumereted as one birth. 


Table III Theoretical Incidence of Plural =irths 


Twins triplets 
Below 20. -00233 + 200389 00408032 + .00001138 + 200002831 
20 - 24 200469 + 00389 00562848 + .00002394 + 200002831 
25 - 29 00776 + -00389 +00764240 + .00003960 + -00002831 
30 - 34 -01136 + 00389 -01000400 + .00005798 200002831 
35 - 39 01484 + -00389 -01228688 +  .00007574 + -00002831 
40 - 44 01145 + -00389 +01006304 + .00005844 + -00002831 
45 + -00616 + 00389 -00659280 4 00003144 -00002831 
4k “k = .00001318 
TABLE IV Prediction of Triplet Births 

Age of mother: 2656 2656°2abn cn Total 

Below 20 43307 +8329 = 128.2 

20 = 24 105.8 +175.5 + 20766 = 488.9 

25 29 253-0 +25367 +181.3 = 688.0 

30 34 365-6 +25023 +122.2 = 738.2 

35 - 39 38504 +2024 +7505 = 663.3 

40 - 44 7703 +52.5 +2505 = 15503 

45+ 202 + 268 + 205 = 704 

Total 1199.9 +970.9 + 698.6 286904 


Total 1200+ 971+ 699 = 2870 
Same-sexed 300 + 486 + 699 = 1485 or 51.74% 
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TWIN-TRIPLET RELATIONS 
Figure 20 


The frequency of triplet births plotted 
against the square of the frequency of twin 
births. The equation of the line is y = 0.656 
x + .00001318. 


mula for triplet births becomes, in place 
of being a? + 2ab + b?, 0.656 a? + 
0.656  2ab + c, where represents 
0000283, the incidence of monozygotic 
triplet births. 

A check upon our formula and our 
prediction is possible through the sex 
division of triplets. If we consider that 
the chance of any given birth being male 
is one in two, then we should expect the 
chance that trizygotic triplets, that is, 
three independently conceived babies 
would all be male, would be one in two 
cubed, or one in eight. The chances that 
trizygotic triplets would be all three of 
the same sex, male or female, would, 
therefore, be two in eight or one in four. 
That is to say, one-fourth of trizygotic 
triplet sets should be same-sex triplet 
sets. By similar thinking, we can readily 
recognize that one-half of dizygotic trip- 
let sets should be same-sexed triplet sets, 
while all of the monozygotic triplet sets 
should be same-sexed triplet sets. Wein- 
berg published this extension of his dif- 
ferential method in 1902. . 

If now we had the sex grouping of 
triplet sets by ages of mothers, we should 
be in a position directly to check our 
calculations. We do not have the ma- 
terial in this fashion but we do have the 
sex distributions of the total of our 
material. 

From the following material, still- 
births were not excluded. The stillbirth 
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mortality of monozygotic twins is slight- 
ly higher than that of dizygotic twins and 
our sex ratios would be slightly altered 
by the exclusion of stillbirths. Of the 
344,628 twin births occurring in the 
United States Birth Registration Area 
from 1923 to 1936, excluding the 141 
cases of unknown sex, 33.24 per cent 
were opposite-sexed and if we apply 
Weinberg’s differential rule, we conclude 
that 33:52 per cent were monozygotic. 
If we assume, as we have reason 
to believe, that the rate of monozy- 
gotic twinning is independent of ma- 
ternal age, then we may conclude on the 
basis of total frequency of twin births, 
that the incidence of monozygotic twin- 
ning is .00389 at all ages of mothers. 
The difference between the incidence of 
monozygotic twins and total incidence of 
twins, we assume to be a, the rate of 
dizygotic twinning, and in this fashion, 
we are able to determine a for our popu- 
lation at different maternal ages. If we 
take these values and apply them in our 
formula for triplet births, we may arrive 
at a prediction of the number of sets of 
trizygotic, dizygotic, and monozygotic 
triplets we should expect in our popula- 
tion. We should expect 1,200 sets of 
trizygotic triplets, 971 sets of dizygotic 
triplets, 699 sets of monozygotic triplets, 
giving us a total of 2,870 triplet sets. 
By the extension of Weinberg’s differen- 
tial rule, we should expect that one- 
fourth of the trizygotic triplet sets, one- 
half of the dizygotic triplet sets, and all 
of the monozygotic sets should be same- 
sexed. We obtain a predicted percent- 
age of same-sexed triplets of 51.74 per 
cent. This agrees satisfactorily with an 
observed percentage of 51.85 per cent. 
We are, therefore, able to recheck our 
equation for its accuracy in this indirect 
fashion, 


Conclusions 


(1) The occurrence of trizygotic 
triplets may be understood as a double 
instance of dizygotic twinning. 

(2) The occurrence of dizygotic trip- 
lets may be understood as the simultane- 


+ 
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ous occurrence of dizygotic and monozy- 
gotic twinning. 

(3) The development of monozygotic 
triplets is to be understood as a phe- 
nomenon related to, but distinct from the 
process of monozygotic twinning. 

(4) Neglecting stillbirths, and_ let- 
ting a represent the incidence of dizy- 
gotic twinning, and b represent the inci- 
dence of monozygotic twinning, the fre- 
quency of triplet births at various 
maternal ages in our population is 
represented by the expression .656 a? + 
656 & 2ab + c, in which the first term 
represents the incidence of trizygotic 
triplet births, the second term the inci- 
dence of dizygotic triplet births and the 
third term, numerically .0000283, is the 
incidence of monozygotic triplet births. 
The value .656 may be interpreted as the 
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in utero survival rate of trizygotic and 
dizygotic triplets as compared with dizy- 
gotic twins. 

(5) In accordance with the above 
expression, the incidences of trizygotic 
and dizygotic triplets, being dependent 
on the incidence of dizygotic twinning, 
are, like it, functions of maternal age. 

(6) The incidence of monozygotic 
triplets, like the incidence of monozygotic 
twins, is independent of maternal age. 

(7) It would be easy by analogy to 
apply this analysis to quadruplet births, 
and for that matter to quintuplet and 
sextuplet births. Satisfactory check upon 
quadruplets must wait upon the slow 
accumulation of more voluminous data. 
Even the patience of generations does 
not promise us adequate data on quin- 
tuplets or sextuplets. 
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APPLYING NUMBERS TO LIFE 


HE title and the authors’ statement 

that “this is a book on the methodo- 
logy of zoology, and not on statistics or 
even (as a whole) on the use of statis- 
tics in zoology” are misleading, as is 
shown by a brief list of contents. Of 
the main body of the text about two- 
fifths is devoted to mensuration and 
grouping of various types of data, fre- 
quency distributions and their properties 
and measures of location, scatter, skew- 
ness and kurtosis; one-fifth to standard 
errors, sampling and comparison of sam- 
ples ; one-fifth to association, correlation 
and regression ; the remaining fifth being 
divided into a chapter on graphic meth- 
ods and a chapter providing an elemen- 
tary mathematical treatment of growth, 
including relative growth. There fol- 
low: notes on slide-rule and machine 
calculation, a list of symbols and for- 
mulas, a glossary of statistical terms, an 
annotated bibliography and an index. 
Some of the methods, for example those 
dealing with single specimens, dre or- 
iginal, but they are of limited value. 


This book differs from recent works 
covering the same field in presenting a 
fuller discussion, with 85 detailed exam- 
ples, of the correct usage of the statisti- 
cal methods described. For example, in 
the section on frequency distributions, 
18 pages are devoted to the grouping of 
data. To the brilliant statistician who 
cannot do his sums correctly this feature 
will appear long-winded, but it is this 
treatment of the details of tabulation and 
calculation, presented with a clarity and 
an enthusiasm which relieve its tedium, 
which recommends the book as a class 
text for those teachers who want their 
students to learn precision in the use of 
formulas, but who cannot, and should 
not, find lecture time to teach it. 

Following the custom of reviewers 
who pick up a mathematical error to 
imply that they are on their toes at their 
job, the present reviewer would criticize 
the formula, for the standard error of 
the difference between two means, given 
on page 192. The formula given is use- 

(Continued on page 251) 
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A FURTHER STUDY ON POLYPLOIDY IN 
PARAMECIUM 


Chromosomes and Mating Types in Paramecium bursaria* 


Tze-Tuan CHEN 
Department of Protozoology, School of Hygiene and Public Health, 
Johns Hopkins University 


already reported polyploidy in Para- 

mecium. It is the purpose of this 
paper to give the results of a study 
on possible relationship between chromo- 
some numbers and mating tvpes in Para- 
mecium bursaria and, at the same time, 
to describe and illustrate the chromo- 
somes in four polyploid races which were 
referred to in the earlier reports. 


| N two recent papers! ? the writer has 


Chromosomes and Mating Types in 
Paramecium bursaria 


In the previous investigation on the 
chromosomes in P. bursaria® the chromo- 
somes in six races belonging to six dif- 
ferent mating types in Group II were 
examined. It was found that the chro- 
mosome number in one race is appar- 
ently about eighty while the chromosome 
number in the other five races is much 
greater, running up to several hundred. 
It was obvious that races of P. bursaria 
belonging to different mating types may 
have very different chromosome num- 
bers. The purpose of the present in- 
vestigation is to make an inquiry as to 
the nature of mating type in P. bursaria 
and to answer the question: Do the 
series of mating types in P. bursaria 
represent a polyploid series? 

Jennings* distinguished three groups 
of animals in P. bursaria. Members of 
one group will not conjugate with mem- 
bers of any other group. Within each 
group there are a number of diverse 
mating types. In Group I there are four 


mating types, in Group II eight mating 
types, in Group III four mating types. 
Animals belonging to the same mating 
type will not conjugate among themselves 
but will conjugate with those of any 
other mating type within the same group. 

For the present study mating type E 
of Group II was chosen. Five races be- 
longing to this mating type were used. 
Race Fd came from the vicinity of Balti- 
more, Maryland; race JH8 from the 
Johns Hopkins University campus ; race 
HV1 from Hope Valley, Rhode Island ; 
race Cal from Stanford University camp- 
us in California; race Watl6 from Wat- 
sonville, California. The methods of 
culturing these animals and the tech- 
nique of fixation and staining are the 
same as those described in the writer’s 
earlier paper.” 

Of these five races belonging to mat- 
ing type E the micronucleus in race Fd 
is unusually small, stains lightly, and 
contains a small quantity of chromatin 
(Figure 21). This race was mated with 
race McD; which belongs to mating 
type M of Group II and has a large 
micronucleus. The micronucleus in 
McDs stains deeply in haematoxylin 
and contains a relatively large quan- 
tity of chromatin.? In such mating 
(McDz3 X Fd) members of each conju- 
gating pair could easily be identified.?* 
As already stated, the race Fd has an 
unusually small micronucleus. The other 
four races belonging to the same mating 
type (E£) have each a relatively large 


*Contribution from the Department of Zoology, Johns Hopkins University ; the Department 
of Zoology, University of California at Los Angeles; and the Department of Protozoology, 
School of Hygiene and Public Health, Johns Hopkins University. This work was aided by a 
grant-in-aid from the Society of Sigma Xi. The writer is indebted to Mrs. Hazel Kastner 
Thelen for her assistance in preparing the drawings. 
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CHROMOSOMES IN FIVE RACES OF PARAMECIUM BURSARIA 
Figure 21 
The vegetative resting micronuclei of the five races discussed herein are shown at the 
upper left. The other five drawings show the micronuclei during the first pregamic division 
during conjugation. The chromosome number varies in different races belonging to the same 
mating type. There appears to be no correlation between chromosome number and mating type. 


All drawings X 1640. 
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micronucleus which stains deeply and 
contains a relatively large quantity of 
chromatin (Figure 21). Each of these 
four races was mated with race S (be- 
longing to mating type J of Group IT) 
which has either no micronucleus or a 
“ghost” micronucleus.2 The “ghost” 
micronucleus does not stain with haema- 
toxylin, so that its chromosome constitu- 
tion is at present unknown. In such a 
mating the members of each conjugating 
pair could also be easily recognized.?:4 

The best stage for counting chromo- 
somes is late prophase of the first pre- 
gamic division during conjugation, since 
during this stage the micronucleus has 
become greatly swollen and the chromo- 
somes are relatively more dispersed. It 
was found that in race Fd the chromo- 
some number is apparently about 80 
while in each of the four other races be- 
longing to the same mating type the 
chromosome number is much greater, 
running up to several hundred (Fig- 
ure 21). 

From the foregoing study we may 
conclude : 

1. In P. bursaria races belonging to 
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the same mating type may have very dif- 
ferent chromosome numbers. There ap- 
pears to be just as much variation in 
chromosome number among races with- 
in the same mating type as between dif- 
ferent mating types. 

2. There is no evidence that the series 
of mating types in this species represents 
a polyploid series or that polyploidy is 
in any way involved in the determination 
and differentiation of mating types. 

3. It is probable that mating type is 
inherited irrespective of chromosome 
numbers. 
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APPLYING NUMBERS TO LIFE 
(Concluded from page 248) 


ful only when the raw data are not avail- 
able and one is restricted to the use of 
the calculated parameters of the two 
separate samples. Otherwise it is sim- 
pler, and avoids an approximation, to use 
oq — Ot V(1/N1 4- 1/Ne), where or — 
standard deviation of the combined popu- 
lation. 

Apart from a slight tendency to build 
up certain topics too far on a make-shift 
foundation, for example ratios in the 
first chapter, the authors logically fol- 
low their claim that “this text presup- 
poses no knowledge whatever of statis- 


tics, and of mathematics no more than 
elementary algebra.” Beginning stu- 
dents will probably prefer this book to 
many by statisticians, perhaps because 
the senior author is not primarily a 
statistician, but a palaeontologist who 
was already an associate curator at the 
American Museum of Natural History 
before he set out, with the help of his 
collaborator, to study the methods pre- 
sented in this book. 
W. Lawson RusSSELL 


Jackson Laboratory 
Bar Harbor, Maine 


PARENT BREEDS AND HYBRIDS 


Figure 22 

A—Brown Swiss male (the first one used in hybridization experiments), heterozygous 
for the dilution factor D. B-E—four Brown Swiss females which illustrate the variation in 
the extent of the effects of the whitening gene (W). B may be heterozygous for the recessive 
dilution factor (7). A dark dun hybrid of the cross Holstein female by Brown Swiss male is 
shown in F, This hybrid does not show the white muzzle because black is epistatic to the W 
gene. Inguinal white spotting due to Jn is only weakly expressed, and dun is most evident on 
inner surface of legs. G shows an extremely white Holstein-Fresian female and H her daughter 
“4 aula Swiss bull. This animal is black, with inguinal white spotting (Jn), and white 
ind feet. 
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COLOR GENES IN HOLSTEIN-FRIESIAN 
BY BROWN SWISS CROSSES* 


Ratpu J. BUSHNELL 
The University of Connecticut, Storrs, Conn. 


constitution of various breeds of cat- 

tle with regard to color genes. The 
present data add the probable color gene 
constitution of the Brown Swiss breed. 
The data are also of interest in that they 
illustrate the result of crossing white- 
faced Holstein-Friesians with a self-col- 
ored breed. 


The data were secured from crosses 
between Holstein-Friesian females and 
Brown Swiss males. The experiment 
was conducted on my father’s (Frank J. 
Bushnell’s) farm at Big Rock, Ilinois. 
Several of the F; females were crossed 
back to Brown Swiss males. Because of 
the expense of the project, no Fy. indi- 
viduals were raised. The F; data togeth- 
er with the back cross data, however, 
give a good indication of the probable 
genic constitution of the Brown Swiss 
breed, as far as color is concerned. Both 
breeds used were of pure stock, most 
individuals having been registered with 
their respective breed associations. The 
experiment was started in 1929 when the 
two breeds from separate farms were 
combined into one herd. 


The color gene formula of the Hol- 
stein-Friesian breed is well known. In 
all respects, except one to be mentioned 
later, our interpretation of the color 
genes in Holstein-Friesians agrees with 
the summary as given by Ibsen.® The 
genes of importance in the Holsteins as 
far as the Holstein Brown Swiss cross 
is concerned are as follows: B, causing 
black hair, which is modified from the 
solid color by the presence of the reces- 
sive gene s which causes white spotting 
of the coat; bs, or lack of the factor for 
“blackish” hairs as found in the Brown 


[ose has summarized the known 


Swiss and Jerseys; d, or lack of the 
dominant diluting factor which affects 
black ; J, the normal allele of the recessive 
dilution factor 7; lack of the HW’ factor 
which causes whitening in the muzzle; 
coat, etc.; and /n, or dominant white 
spotting in the inguinal region. In addi- 
tion to the above genes listed by Ibsen® 
some Holstein-Friesians have a domin- 
ant gene which causes a white star to be 
transmitted to their offspring. 


The F, data of our Holstein-Friesian 
< Brown Swiss cross show that the 
Brown Swiss carry the following genes: 
bb, which would result in red, except, 
for the presence of Bs (partially epistatic 
to red) and i, the latter being mostly 
effective on dilution of red; D, which 
dilutes black to dun (one Brown Swiss 
male was apparently heterozygous and 
the other homozygous for D) ; W’, which 
causes the whitening of the muzzle, of 
the belly, udder, and inside of rear legs 
(Figure 22, A, D, and E), (with one ex- 
ception, the F; animals did not show the 
effects of the whitening gene because, 
probably, black is epistatic to it) ; inin, 
or lack of white spotting in the inguinal 
region (all but one of the F; individuals 
had some white spotting in the inguinal 
region, the one individual indicating that 
some Holstein-Friesians may be heter- 
ozygous for Jn). 

Wright® considered that the D gene is 
incompletely dominant to its allele. The 
F, animals in the Holstein-Brown Swiss 
cross were often superficially difficult to 
classify as blacks or duns, especially as 
thev get older. In those animals sup- 
posed to have carried the D factor, how- 
ever, the dun color was plainly evident 
on the inner surfaces of the legs. The 


*The writer is indebted to Dr. Walter Landauer for the use of his library and for the read- 


ing of the manuscript. 


253 


254 


F, HYBRID OF THE HOLSTEIN-BROWN 
SWISS CROSS AND HER BACKCROSS 
DAUGHTER 
Figure 23 
A is a very dark dun daughter of a Hol- 
stein female by a Brown Swiss male. She 
shows inguinal white spotting and white socks 
on the hind feet. B is a daughter of A by a 
pure Brown Swiss male. Black is absent in 
this backcross individual and the white muzzle 
trait is in evidence. B shows considerable red 
in the coat but otherwise approaches the Brown 

Swiss in type. 


issue is somewhat complicated in this 
cross because of the presence of the 
blackish gene (Bs) and its modifiers. 

Brown Swiss are self-colored, S. It is 
probable that they also carry the reces- 
sive dilution factor 7. 

Gowen‘ considered that the factor re- 
sponsible for inguinal white spotting 
might not be allelic with S and s. Ibsen® 
regarded the gene for whitening of the 
muzzle, etc., as a recessive, but our data 
indicate that it is a dominant which is 
hypostatic to black and would therefore 
appear as a recessive in the first cross 
wherever black was involved in the cross. 
This is best shown in one of the F, ani- 
mals which is reddish brown in color 
instead of the black or dun color ex- 
hibited by the remainder of the F; (Fig- 
ure 24C). The mother of this exceptional 
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F, individual is shown in Figure 22G. 
The Holstein shown in Figure 22G is al- 
so the mother of the black individual 
shown in H of the same figure. This 
Holstein must have been heterozygous 
for black (B) since she transmitted no 
black to her reddish-brown daughter. 
This daughter shows that in the absence 
of black the gene I’, causing the whiten- 
ing of the muzzle, is expressed. That 
some Holstein-Friesians are heterozy- 
gous for black has been shown by Cole 
and Jones*. Ibsen® admitted that the 
evidence for the recessiveness of the 
whitening gene was non-conclusive but 
mentioned that when Jerseys are crossed 
with Angus, Holsteins, or Herefords, 
the whitening does not show in the Fy 
generation, but does reappear in the Fe. 
Although we would, according to our 
interpretation, expect the white muzzle 
character to be expressed in the hvbrid 
of a Jersey and a red animal, it might 
well be that in the case of the Jersey- 
Hereford hybrid, the white face of the 
Hereford is epistatic to the white muzzle 
condition. 

The exceptional F,; individual shown 
in Figure 24C is of further interest in 
that it indicates that the dominant dilu- 
tion factor D may have more effect on 
the black gene than on the red. Similarly, 
since this individual has the red very 
slightly diluted, if at all, it might be as- 
sumed that the recessive dilution factor 
i, which is probably carried by the Brown 
Swiss but not the Holstein-Friesians, af- 
fects the red pigment more than the 
black. Most of the pure Brown Swiss 
females of our herd show little evidence 
of red pigment (Figure 22C, D, and E). 
Ibsen® regarding the whitening factor 
carried by Jerseys (probably the same as 
that carried by Brown Swiss) stated 
that in extreme cases, the apparent dilut- 
ing effect brought about by the factor 
is marked, and that animals with extreme 
whitening, which at the same time carry 
much black, due to Bs and modifiers, are 
grayish in appearance. I am inclined to 
believe that the recessive dilution factor 
i with its effects on red pigment is pres- 
ent in homozygous condition in gray ani- 
mals. The backcross animals produced 
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HYBRIDS AND BACKCROSSES 
Figure 24 

The two most common types of hybrid of the cross Holstein female by Brown Swiss male 
are shown in A and B. A is a dun daughter of the Brown Swiss male shown in Figure 224, 
and B is a black daughter of the same male. Both daughters show inguinal white spotting and 
B shows white on the hind feet. The individual shown in C is a reddish-brown daughter of the 
Holstein female shown in Figure 22G. In the absence of black the white muzzle trait is ex- 
pressed. Inguinal white spotting is much more extended in C. D is a pure Holstein who, when 
mated to a Brown Swiss male, produced the hybrid daughter shown in E. This daughter is a 
very dark dun but shows a small amount of inguinal white spotting. When mated to a Brown 
Swiss male, this Fi female produced the calf shown at her side and also in F. The white 
muzzle character is evident in the calf since no black is present. Some of the backcross individ- 
uals are black, in which case, the white muzzle character is not evident. Photographs E and F 
courtesy Stanley K. Bushnell. 


by mating F, females (ex Holstein- considerable red pigment in their coats 
Friesian by Brown Swiss) back to (Figures 24F and 23B). All three had 
Brown Swiss males give some informa-. the white muzzle. The three males pro- 
tion on this point. The three backcross duced by this backcross were all much 
females thus produced are of two types darker than the females. One had the 
as follows: one of light Brown Swiss white muzzle while the other two appar- 
color and two somewhat darker with ently carried black and did not show the 
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effects of the WW” gene. None of these 
males was raised. 

It was mentioned above that some 
Holstein-Friesians carry a dominant 
gene for white star (Ws). The individ- 
ual shown in Figure 22H is the only one 
of the F, that exhibited this trait. Her 
mother (Figure 22G ) shows much white 
on the head and body, but must be heter- 
ozygous for the white star gene since 
another daughter, Figure 24C, does not 
exhibit the trait. Ibsen® gave the reces- 
sive gene /w as the one influencing the 
amount of white on the head and body. 
He also stated that animals with heads 
almost entirely white as the result of the 
action of one dominant gene are occa- 
sionally found. Funkquist and Boman* 
postulated that two or more pairs of 
dominant genes affect the amount of 
white on the head. 

The color genes of the Brown Swiss 
appear to be the same as those of Jerseys 
with the exception that the former lack 
the spotting factor (s) which some Jer- 
seys do carrv. The Jerseys also show 
more red in their coats than most of the 
Brown Swiss do. Kuhlman’ reported 
that the F, of the cross between Angus 
and Jersey are black or dun in color. 
Hooper,® however, obtained results 
which would indicate that the Jerseys 
used in his experiment did not carry the 
D factor, as no dun colored individuals 
were reported. 

Cole! found that the brindling gene 
(Br) is carried as a hypostatic factor to 
black by the Aberdeen Angus breed. 
No brindles have been recovered as a 
result of backcrossing F, females (ex 
Holstein by Brown Swiss) to Brown 
Swiss males. This indicates that Hol- 
stein-Friesians probably do not carry the 
brindling factor. 


Summary 
The following color genes are shown 
to be present in the Brown Swiss breed: 


BsBs DD 
or 
Bsbs ? Dd 


bb 


WW inin SS brbr 


The whitening gene (W) is regarded 
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as being a dominant which is, however, 
hypostatic to black; this gene has been 
previously regarded as a recessive. 

A dominant gene for white star (Ws) 
is found to be present in some Holstein- 
Friesians. 

Holstein-Friesians probably do not 
carry the brindling gene (Br). 
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TABLE Ie Holstein females by Brown Swise Male Noel. 


Color 9's 


OT 'se 


Probeble genotype 


Dun 3 


? 


Bo Bebe Dd Ww In in Ii 


Bleck 4 


Bb Bebe dd Ww Inin Ii# 


@Several males not classified. 
*#One female lacked white spotting in the inguinal region 
and wae probebly in ine 


TABLE Ile 


Holstein females by Brown Swiss Male No.8. 


Color $s 


oe 


Probable genotype 


Dun 


4? 


Bb Bebs Dd Ww Inin Ii 


Black ° 


° 


Reddish- 
Brown 1 


° 


bb Bebs Dd Ww Inin Ii 


*Severel of the F, males were not seen by the author, but 
ee calves, these males were said to have been of a bout 
the same color as the females. 
of a8 veel as soon as was practical. 


TABLE III. 


The F) males were disposed 


k to Brown Swiss males 


Color 


os 


Dun ° 


° 


Black 


Reddish- 
Brown 2 


1 


With white muzzle 


Gray 1 


With white muzzle 
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Material for Demonstrating 
Salivary Gland Chromosomes 


Interrelated demonstration material—microscopic slides, chromo- 
some maps, lantern slides and literature—make giant chromosomes avail- 
able for classroom use. 

MICROSCOPIC SLIDES OF SALIVARY GLAND CHROMOSOMES 


Slide of Normal Salivary Chr of D. melanogaster, each $2.25 
Three Slides 5.00 
Slide with drawing identifying all chromosomes in two figures (Female)... 4.00* 
Slide showing Y-chromosome (Male) 4.00 
Slide showing synapsis of normal and inverted X-chromosome (loop). _. 4.00* 
Slide showing figure of an autosomal inversion 4.00* 
Slide showing synapsis of translocated and normal chr 4.00* 
Slide showing a small deficiency (deletion) 4.00* 
Salivary chromosomes of D. virilis 2.25 
Three Slides 5.00 
Normal Somatic (ganglion) chromosomes of D. melanogaster______-__...___. 2.50 
(Magnification of at least 1000 X necessary to view satisfactorily.) 
1 Slide of each of above (9 slides—6 drawings) 25.00 


* Three or more slides, 1 of each kind @ $3.50 each. Three or more of same kind 


@ $3.00 each. 
SALIVARY GLAND CHROMOSOME MAPS 
Painter’s cytogenetic map of the salivary chromosomes, 945 by 18 inches, line-cut 
showing major chromosome details and the genes approximately located to end 
of 1934, mailed unfolded $ 50 
Bridges’ reference map of the banding of the salivary chromosomes, 94, by 25 inches, 


halftone on heavy coated paper, unfolded .00 
Bridges’ Revised Map of the X-Chromosome—9'4” x 18”, unfolded 675 
Folded copies of Bridges’ map, on lighter paper 35 
Hughes’ map of Salivary Chromosomes of Drosophila Virilis (9% by 18)... .75 
Dobzhansky’s map of Salivary Chromosomes of Drosophila Azteca (92 by 18)... 75 


1 copy each of Painter’s Hughes’ Dobzhansky’s, and Bridges’ two maps (5 maps in all) 3.00 
LANTERN SLIDES OF SALIVARY CHROMOSOME MATERIAL 


$21-323. Salivary chromosomes in the Nucleus $ .75 
25-464. “Portrait” of a Salivary Gland Chromosome 75 
25-466. Giant Chromosomes Compared with “Normal”, showing relative sizes... .75 
25-469. Synapsis of Normal and Inverted Chromosomes 75 
25-470. Synapsis of Normal and Deleted Chr 75 
25-472. Painter’s Cyto-Genetic Map of Salivary Chromosomes (Insert) _.......—-.-. 75 
26-62. Salivary Chromosomes and Gonial Chromosomes Compared... 75 
26-62. Bridges’ Reference Map of the Salivary Chromosomes of Drosophila... .75 
26-176. Salivary Gland Chromosomes of Sciara Compared with Normal... 75 
26-178. The Entire Salivary Gland Showing Nuclei (Sciara) 
26-179. Salivary Gland Chromosomes in the Cell (Sciara) 75 
26-182. Structure of Salivary Gland Chromosomes 75 
27-206. Three Deficiencies of the X-Chromosome —...... 75 
27-305. Map of Salivary Gland Chromosomes of D. Virilis 75 
29-12. Bridges’ Revised Map of the S. G. X-Chromosome _ 7 
Set of 15 Lantern Slides _. _. : 9.50 
Any twelve of above lantern slides 8.00 


t+ Volume and page number of illustration in the JOURNAL OF HEREDITY. 
ILLUSTRATED LITERATURE 


“Symposium Reprint” on Salivary Gland Chromosomes, containing articles from the 
JournaL or Hgrepity, 1934-1938, by Painter, Bridges, Metz, Mackensen and 
Hughes—four Salivary Gland Chromosome maps, 15 illustrations, 54 pages... $3.00 
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